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Abstract 
Reflection about lessons delivered is a practice widely encouraged in teaching.  Reasoning, 
particularly about transformation of subject matter knowledge of lessons yet to be taught, is 
an internal process and a speciality evident largely in expert teachers.  The study investigates 
the feasibility of fast-tracking its development in pre-service chemistry teachers. It focuses on 
developing this specialty within a specific topic, as a theoretical construct called Topic 
Specific PCK (TSPCK).  Five knowledge components of TSPCK are identified as the 
enablers that transform subject matter knowledge.  The components are: (1) students’ prior 
knowledge, (2) curricular Saliency, (3) what is difficult to teach (4) representations, including 
powerful analogies, and (5) conceptual teaching strategies. These components are identified, 
with reference to literature, as aspects specific to the subject matter knowledge of the teacher 
and useful in its teachability.   A new tool to measure the quality of TSPCK is developed.  
The procedure for developing the tool consists of the following steps: (i) confirming the 
characteristics of the test items fitting the Topic Specific PCK construct, (ii) production of 
test items, (iii) judgment of items, (iv) construction of the instrument (v) piloting and (vi) 
validation of the instrument. Care is taken to ensure presentation of multiple evidence and 
discussions, addressing the interpretive and arguments as requirements for showing validity 
of the construct measured by the instrument. The Topic Specific PCK tool is validated with a 
group of 20 practicing teachers.  The tool is scored, using a rubric corresponding to the five 
components with each being rated on a four point scale, from 1 (Limited) to 4 (Exemplary).  
The analysis of the generated scores is done using the Rasch statistical model (Winstep, 
version 3.72.3).   The reliability indices as indicated by person reliability and item reliability 
are found to be high at 0.86 at 0.91, respectively.  The persons and item scores reflect 
measures well inside the conventionally acceptable range of -2 and +2.  A further indicator of 
validity of the tool is the empirically calculated hierarchy of test items’ order of difficulty, 
found similar to the theoretically predicted pattern for the teacher group.  Based on the above 
analysis and findings, I regard the tool as valid and reliable.  My research design is based on 
mixed-methods research (MM).  The research strategy takes the form of a case study.   The 
study is located in a methodology class for final year physical science pre-service teachers. 
They formed an experimental group (N=16) for this study. I delivered an intervention, 
targeting understanding of transformation of Chemical Equilibrium concepts, using the above 
listed five knowledge components.  I collected data through a combination of tools, including 
the newly designed Topic Specific PCK tool in Chemical Equilibrium, an Achievement tool 
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and a science teacher Belief tool.  Both the Achievement and the Belief tools were adapted 
from existing tools, and were thus considered tried and validated.  The findings suggest that 
the quality of Topic Specific PCK in chemical equilibrium may be improved in pre-service 
teachers by the explicit discussion of the knowledge enabling its transformation.  They also 
suggest that, in the process of discussing aspects of subject matter knowledge related to its 
transformation, pre-service teachers improve their conceptual understanding of chemical 
equilibrium.  Both these improvements were not affected by the shift or lack of shift in 
teacher beliefs from teacher-centred towards student-centred practices. I acknowledge the 
small size of the sample as a practical limitation to the generalization of the statistical 
findings in this study.  I suggest that emphasis be placed on the trends displayed, as they are 
similar to those obtained from the multiple sources of the qualitative component of the study.  
Finally, I recommend that the development of PCK in pre-service teachers be considered in a 
topic by topic manner.  I urge that the teaching of chemistry topics be explicitly organized in 
a format in which pre-service teachers would be expected to reason about them, and 
particularly transform them for teaching.   
Keywords 
Pedagogical Content Knowledge, Topic Specific PCK, Chemical Equilibrium, 
Transformation of Subject Matter Knowledge. 
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CHAPTER 1 
1. INTRODUCTION TO THE STUDY 
This Chapter introduces the study within the context of South Africa, in particular the state of 
science and mathematics education.  The importance of producing science teachers with science 
degrees within the South African context is explained.  The teaching experiences associated 
generally with pre-service teachers who have graduated as beginning teachers are shared and the 
implications drawn for the South African context.  Further information on what the study is about, 
its purpose and the reasons for its initiation are given.  The chapter closes with a description of 
the research questions, the researcher’s positionality and the sequence of the chapters. 
1.1 Introduction 
Is there a magic teaching formula to produce beginning science teachers that creates coherent, 
meaningful and rich lessons for their students?  This question is asked in the context of South 
Africa as a developing country and its poor track record of learner performance in these subjects 
(SAIRR, 2012).  Part of the blame has been apportioned to the prevalence of poor understanding 
of content in many science teachers who are considered qualified by virtue of their long 
experience in teaching (SAIRR, 2011).  The government of South Africa has prioritized education 
in science and mathematics as part of the means to achieve a ‘human resource, skilled with scarce 
skills’ (South Africa: NSDS III, 2011).  Universities as higher education institutions1 are now 
trusted with the development and training of teachers in the country, in particular newly graduated 
teachers with science education degrees.  The focus of this study is therefore placed on the quality 
of pre-service teachers who are graduating as beginning teachers in science.  It is intuitively 
understood that beginning science teachers rarely display the level of competency seen in 
seasoned teachers.  Research suggests that, even with improvement in both subject matter 
knowledge (SMK) and pedagogical knowledge (PK), pre-service teachers appear unable to 
integrate their comprehension of subject matter with their teaching of it (Lederman, Gess-
Newsome & Latz, 1994).   Furthermore, their science subject matter knowledge is reported to be 
                                                             
1 This is a recent development as formerly teachers colleges also trained teachers.  These have been subsequently 
closed down. Teacher Training is now offered only by Universities. 
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‘fragmented, compartmentalized, and poorly organized, making it difficult to access it efficiently 
when teaching’ (Gess-Newsome, 1999, p. 63).  Also, pre-service teachers tend to focus on 
teaching facts and algorithms, paying little or no attention to conceptual aspects of learning and 
understanding by students.  The beliefs held by teachers about their science education, are 
understood also to influence the quality of teaching.  Luft (2009) argues that the realization that 
the understanding by students is the centre of teaching, is associated with responsive and 
reformative kind of teacher beliefs.  Teachers without these kinds of beliefs tend to make 
instructional choices that are static and teacher-centred in nature and are highly unlikely to engage 
in the re-organization and re-construction of their instructions for student understanding.   A study 
by Ogan-Bekiroglu and Akkoç (2009) reveals that pre-service teachers are often not even aware 
of their own beliefs.  Therefore, the choice of ineffective instructional strategies by pre-service 
teachers may continue unconsciously unless this is pointed out to them.  Given the above state of 
affairs describing beginning teachers in general, it follows that the kind of teacher competency 
leading to understanding by learners, is ‘a gem rare to find’ in beginning teachers.  With reference 
to the context of the state of science education in South Africa described above, the goal of 
prioritizing science education in high schools through the production of newly graduating teachers 
appears misplaced.   If so, then what? 
1.2 Purpose of Research 
The purpose of the study is to determine the feasibility of fast-tracking the development of 
competencies associated with the ability to reason and transform content for purposes of teaching. 
I argue that knowledge needed to reason pedagogically, particularly to transform subject matter 
content for a given topic should be introduced explicitly in pre-service programmes.  Also such 
explicit instruction will increase both the opportunity for understanding of SMK and the capacity 
to transform it for teaching purposes.  The ability of teachers to transform SMK to suit particular 
students in their particular context is reported to be a unique kind of knowledge that is the 
province of teachers, and is associated with teaching with the understanding of students in mind 
(Shulman, 1986).  This kind of knowledge is called Pedagogical Content Knowledge (PCK), a 
term introduced by Shulman in 1986.  This study will thus investigate the effect of teaching 
Chemical Equilibrium to pre-service teachers, with explicit discussions of knowledge needed for 
transforming it for purposes of teaching.    It is envisaged that such explicit discussion will assist 
3. 
 
pre-service teachers to reason and transform their comprehension of content for the understanding 
of learners, as teachers with PCK do.  The findings of this study will contribute to both the limited 
understanding of the development of PCK as a unique knowledge of teachers, and the shortening 
of the extended PCK development trajectory currently experienced by beginning teachers.  
Furthermore, it is envisaged that a PCK tool that measures the quality of PCK will be developed. 
The tool will help to minimize the paucity of such tools and may be used in furthering research in 
the development of PCK in pre-service teachers. 
1.3 Rationale 
As indicated above, there is increasing realization that PCK, as the unique knowledge that assists 
teachers to explain their content to learners, is poorly or not developed at all in beginning science 
teachers (Luft, 2009; Lederman et al., 1994), and therefore in pre-service teachers.   This 
realization is further confirmed in a study of 24 secondary beginning science teachers (Lee, 
Luykx, Buxton and Shaver, 2007).  The authors report that, even in the presence of strong science 
subject matter background, proficient PCK is not guaranteed. It appears that such expertise comes 
through practice and a concerted effort of ‘trial and error’, leading to improvement through 
reflection and insight (Loughran et al., 2006).  Thus, it appears that the development of PCK is an 
individual journey to be repeated by each generation of beginning teachers.  Also, its success 
depends on individual motivation and persistence with trial and error practices.  Other than that, it 
depends on mentoring support in the early years of teaching.  Previous research suggests that in 
the absence of early career support such as induction programmes, beginning science teacher 
practices offer few opportunities for students to engage in inquiry (Luft, Roehrig and Patterson, 
2003).  Teachers rely on algorithms and unmodified text lifted directly from school based 
textbooks and therefore there are no opportunities for students to benefit from PCK enriched 
lessons.  Such traditional practices and therefore the lack of PCK may persist for years to come 
(Luft et al., 2003).  It is said that a teacher can teach with the experience of a (one) 1 year teacher 
for ten (10) years (Bishop and Denley, 2007).   When relating the findings associated with the 
lack of early career support in a country like South Africa, the findings confirm the current widely 
known reality.  The ‘National Policy Framework for Teacher Education and Development in 
South Africa’ (DoE, 2007) recognizes the challenges facing teacher development, but is silent on 
teacher induction programmes as a development strategy for beginning teachers. In other words, 
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the country lacks a nationally coordinated support programme for beginning teachers.  Even after 
many years of practice, teacher development initiatives are sporadic, un-coordinated and found to 
be non-effective (Taylor and Vinjevold, 1999).  Statistics surveys also reflect a prevalence of 
under-qualified science teachers, most of whom lack science degrees in their qualifications. The 
inadequacy in subject matter understanding is a major disadvantage in developing PCK, since 
subject matter knowledge is a pre-requisite to PCK development (see discussions in Literature 
Review).   It stands to reason that not only will beginning science teachers in South Africa suffer 
from a lack of PCK, as is the case with their counterparts in other countries, but will have little or 
no chance to develop it outside their pre-service programmes.   As a consequence, the kind of rich 
science teaching, that results in conceptual understanding by learners, on a scale of mass 
education as envisioned in our Constitution (Act No.108 of 1996) is a ‘mission impossible’.  The 
need to develop PCK in science teachers is an emergency in South Africa.  At present, the most 
feasible avenue for developing such expertise is within the pre-service programmes offered by 
Higher Education Institutions.  It is in the education policies of these institutions that the post-
apartheid education reform created opportunities to ‘significantly influence the official knowledge 
for teachers and teaching’ (Parker & Adler, 2005, pg. 61).   It is envisaged that the findings of this 
study will contribute in finding a solution for the South African current challenge; they will also 
contribute considerably to the international understanding of PCK.  In particular, the development 
of PCK in pre-service teachers is a field lacking concrete empirical studies targeting competencies 
in transforming SMK.   
1.4 Research Problem and Research Questions 
The view that teaching is about transformation of teachers’ comprehension to suit learners 
(Geddis & Wood, 1997) is adopted in this study. Thus, each topic to be taught is first to be 
transformed by the teacher.  In this study, through the literature review reported in Chapter 2, I 
have identified five knowledge components that are reported to result in the transformation of 
SMK when applied.  These are: (1) Students prior knowledge, (2) Curricular Saliency, (3) What 
makes a topic difficult to teach, (4) Representations and (5) Conceptual Teaching Strategies.  
These knowledge components are to be applied for each topic to be taught. When applied in 
reasoning through a topic, the resulting plans have features similar to the manifestations 
associated with the presence of PCK (Davidowitz & Rollnick, 2011).  It therefore follows that the 
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observed competency is thus specific for each topic and has been termed Topic Specific PCK 
(TSPCK). However, while there is awareness in the literature of the idea of PCK demonstrated at 
specific topic level as advocated by Abell (2008, p. 1407) “..researchers need to study teacher 
knowledge within these science topic-specific contexts” (Abell, 2008, p. 1407), the problem 
remains that little is known about studies that illustrate the above theoretical argument 
empirically.  Thus, the research question to be answered in this study is: To what extent is Topic 
Specific PCK (in chemical equilibrium) of pre-service teachers influenced by the explicit 
inclusion of PCK-oriented strategies when the topic is taught? 
This research question has the following sub-questions: 
i. How can a valid instrument be designed for measuring the quality of topic specific PCK in 
Chemical Equilibrium in pre-service teachers?   
ii. To what extent does the explicit inclusion of the knowledge components considered to 
transform SMK influence the development of topic specific PCK of pre-service teachers?  
iii. What influence does the explicit inclusion above have on the understanding of subject 
matter knowledge, specifically Chemical Equilibrium concepts?  
iv. What influence does the intervention have on the beliefs held by pre-service teachers? 
1.5 Conceptual Framework 
The study is informed by the notion of a PCK theoretical framework that recognizes SMK as one 
of the knowledge domains of PCK and further acknowledges the influence of beliefs on teaching.  
This framework is combined with the notion of transformation of SMK as the intermediate state 
linking the understanding of SMK to PCK.  I elaborate on these notions in Chapter 2 and argue 
that, while reference has been made to both in many other studies, no known study combines and 
uses the two in a theoretical framework.  Thus it is envisaged that the findings of the study will 
contribute towards a practical illustration where the two theoretical ideas support the bigger 
discussion about PCK, SMK and its transformation.   
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1.6 The Researcher and Positionality 
The research methodology used in this study is Mixed Method as described in Chapter 3, and 
therefore it has a qualitative component. Qualitative researchers such as Tobin (2000) and 
Henning (2004), advocate that the researcher should ‘provide an account of who he or she is, and 
how he or she has influenced the results by engaging in the research process’ (Lelliott, 2007, p 6-
7).  Similar to Maher & Tetreault (1994, p 22) I have defined ‘positionality’ as the “knower’s 
specific position defined by race, gender, class, and other socially significant dimensions”. 
In the paragraphs below, I attempt to provide a description of myself as a researcher and reflect 
how my positionality may have interacted with the research conducted.  
I am a black female born in the late sixties in a typical black South African family.  I spent a large 
portion of my early life, and all my schooling years (early seventies – eighties), growing up in a 
grandparent-headed household in a township of Middelburg, Mpumalanga.  The community then 
was relatively small but tightly knit with everyone knowing everybody.  My grandfather worked 
for many years at the only local motel in town, as a waiter and assistant chef.  I suppose that 
influenced his lifestyle as we practiced some of the western ways of living, like eating dinner 
daily at a set table as a family.  The distresses of apartheid experienced by my family, and the 
community at large at the time, were never the main topics at dinner tables.  Emphasis was placed, 
rather, on the strategies that my grandparents used to wriggle themselves out of dire situations.  
One typical example was how they hid from police raids an aunt of mine who came to visit the 
family but had not arranged for a permit to enter the township.  The fun as they demonstrated 
what they did and the laughter about their success in that incident is what I remember.  I thus grew 
up with a full understanding of the harshness and oppression experienced by black people from 
white people (generalizing here), but I also understood that there are ways to get your way, and 
have fun out of the situation. 
Education and Christian religion were the most cherished principles in my home.  As I progressed 
through the grades and moved from Primary school to High School, my grandparents knew all my 
teachers, the principal and even their parents!  While I understood that they had no full 
understanding of the content I was learning, especially in science and mathematics, I was aware of 
their support and concern for my well-being.  That made my days fun, full of a drive to succeed 
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and not to disappoint them.  My high school had a culture of presenting merit awards to best 
performing students.  This function was conducted annually at the community hall.  I looked 
forward to receiving my awards at these functions in their presence. 
Tertiary education years at a national university, Wits, meant exposure to people of different 
walks of life.  It also meant struggling with understanding of the content taught. It meant 
struggling with understanding the language of instruction, particularly during the early years.  All 
the years of merit awards became, instead, an appreciation of a mere pass mark of 50%.  It meant 
no family close by for support.  It was just me and the strangers who were teaching me.  I started 
to understand living a life of struggle to barely make the minimum requirements.  I suppose it is 
all these different experiences that influence my current view to life.  I believe in freedom - the  
freedom to access knowledge and make it meaningful.  Teachers, in my view, have the important 
task to make this freedom apparent to learners. I am therefore passionate about understanding the 
magic that empowers those who, in Shulman’s terms, understand how to teach others adequately.  
I am excited about the high interest in this aspect by the science education community worldwide.  
I have embraced this idea.   I perceive the value of this study to be its advancement into the next 
level of practical demonstration, and thus making it feasible to ‘develop it intentionally’.  It is, 
therefore, possible that my excitement and enthusiasm flowed into my interactions with both the 
participants and the data.  It is also feasible, that, as the majority of the participants in this study 
were of the same social category, black, as I am, that I influenced them beyond mere 
understanding but also ‘wanting to understand’.  I may have pointed at evidence of positive 
growth, in an overstated manner and with undue bias.  It is with this understanding that I have 
employed various ways for collecting data on the same aspect, creating multiple sources for 
triangulation, and also invited other professionals in the field to confirm the evidence.    
1.7 The Structure of the Thesis 
 My thesis is made up of nine chapters starting with the introductory discussion in this chapter.    
In Chapter 2, I selectively review the relevant literature on pedagogical content knowledge (PCK), 
with reference to development of pre-service teachers.  I acknowledge previous studies that 
reported promising improvements in PCK after some intervention, but point out that no other 
study has placed focus on developing PCK through explicit discussion of the transformation of 
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SMK.  I then present a theoretical framework for the transformative model of PCK, where SMK is 
one of the teacher knowledge domains, together with pedagogical reasoning, specifically the 
transformation of the SMK stage.  All these are discussed in acknowledgement of the influence of 
teacher beliefs about teaching science.   Chapter 3 describes my Mixed Methods research 
methodology carried out in a case study design.  My research instruments are introduced, with 
more details on the development of the Topic Specific PCK instrument provided in the next 
chapter, chapter 4.   Chapter 5 provides in detail the content and sequence of delivery of the 
intervention, aiming at discussing transformation of SMK explicitly.  Descriptions of the five 
knowledge components, identified as enabling transformation of SMK, are provided with 
references to supporting reading materials.   Chapter 6 is the first chapter on the analysis and 
findings on the impact of the intervention on Topic Specific PCK. Both quantitative and 
qualitative data are discussed and the findings compared.  The analysis of data from the 
Achievement instrument is discussed in Chapter 7.  Similarly, both quantitative and qualitative 
data are analyzed and the findings triangulated. Chapter 8 is the last results chapter; it provides 
analysis and discussions on the impact of the intervention on beliefs.  Chapter 9 summarizes the 
thesis with discussions on the findings from Chapters 7 - 8.  Reflections on the findings with 
respect to the research questions and the theoretical framework are made.  The chapter closes with 
implications and recommendations for pre-service teacher preparation programmes.  
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CHAPTER 2 
2.  LITERATURE REVIEW  
In this chapter, I review a range of the literature related to the development and measurement of 
PCK in science teachers in general, and in pre-service teachers in particular. I pay particular 
attention to literature on transformation of subject matter knowledge (SMK) and identify five 
knowledge components that enable the process.  I point out that the anticipated benefits resulting 
from the transformation of SMK through the five components, would be similar to those identified 
in expert teachers with PCK.  Thus, when such transformation is done topic by topic, the resulting 
benefits point to PCK within that specific topic.  I have named this new construct Topic Specific 
PCK.  In the light of this review, I then propose a theoretical framework that presents Topic 
Specific PCK.  Of particular importance to the Topic Specific PCK framework, is that it is 
premised on transformation of SMK, and is in acknowledgement of the influence of teacher 
beliefs.  I close by highlighting the specific interest of the study based on the link between the 
SMK domain and Topic Specific PCK. 
2.1 Introduction 
The starting point of this study is the acknowledgement of Shulman’s (1986) theoretical idea, that 
teaching requires transformation of knowledge from a variety of teacher knowledge domains. 
Among the variety of knowledge domains, subject matter knowledge is essential.  Pedagogical 
content knowledge (PCK), as seen in seasoned teachers, is the amalgam of the knowledge that 
enables such transformation to materialize (Nezvalová, 2011; Shulman, 1987).  This is the 
transformative model that has been represented widely in the literature, e.g. (Magnusson, Krajcik, 
& Borko, 1999; Marks, 1990). In this literature review, I build on this conception of 
transformation. I further build on the conception that possession of the ability to transform SMK 
is a more significant factor influencing success, as a trainee science teacher, than simply 
possession of a good degree in a specific subject (Kind, 2009a, p. 1531).  In acknowledgement of 
the above, and of the general agreement among scholars to consider the development of PCK in 
teacher development (Abd El-Khalick, 2006), I present reasons for the feasibility of developing 
PCK in pre-service teachers.  I then extend my discussion into findings from previous research 
studies, regarding factors influencing the development of PCK, with particular interest in those 
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effecting the transformation of Subject Matter Knowledge (SMK).  Lastly, I use the above 
conceptions to frame a case for the practical development of the ability to transform SMK topic 
by topic in pre-service teachers.    
2.2 PCK in Pre-service teachers – is it a reasonable expectation? 
The central tasks of pre-service teacher programmes, according to Feiman-Nemser (2001), are to 
build on ‘what teachers need to know, care about and able to do in order to promote substantial 
learning to all students’ (p. 4).  She presents five tasks that she considers central to the function of 
a pre-service programme.  These are: (i) analyzing beliefs and forming new visions, (ii) 
developing subject matter knowledge for teaching, (iii) developing understandings of learners and 
learning, (iv) developing a teaching repertoire and (v) developing the tools for studying teaching.  
Together, these tasks form a coherent and dynamic agenda for the initial preparation.  However, 
she further argues that the pre-service stage by itself is not sufficient to produce teachers with 
desired qualities of teaching. She lists further stages beyond pre-service, namely, induction and in-
service stages.  According to Feiman-Nemser (2001), the induction and in-service stages have a 
set of development goals that, while different from each other and to the pre-service stage, address 
the needs of teachers at different stages of their career.  Therefore, the development of a teaching 
career is a life-long continuum.  While this view has been supported by previous research studies 
that have reported inadequacies in pre-service teachers (Kind, 2009a; McDonald, 1980; Ryan, 
1980; Wallace & Kang, 2004 ), there is emerging research indicating that certain teacher 
education programmes are producing newly qualified teachers who “can act on their 
commitments; who are highly knowledgeable about learning and teaching and who have strong 
practical skills”, despite being beginning teachers (Simmons et al., 1999).  The work by 
(Bergquist & Heikkinen, 1990; Darling-Hammond, 2005; Simmons et al., 1999) explores 
characteristics of ‘powerful’ teacher education programmes that produce sought-after, competent, 
graduating teachers.  Her findings highlight the importance of a tight coherence and integration 
between courses within a teacher education programme, and strong links between these courses 
and teaching experience.  Another case is reported by Kind (2009b), of science teacher trainees 
who were found to offer ‘successful’ lessons even outside their domain specialism.  ‘Successful’ 
lessons, according to the author meant lessons where evidence of transformation of teacher 
trainee’s SMK was observed. Such findings point to the feasibility of producing pre-service 
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teachers with highly desirable teaching qualities, including PCK.  The statements by Kind (2009a) 
and Sanders, Borko, and Lockard (1993) provide further reasons for reasonably expecting PCK 
development in pre-service teacher programmes.  They both reported that pre-service teachers 
may be more willing to learn PCK for teaching outside their area of specialization than 
experienced teachers.  A pre-service teacher, with no prior PCK on which to draw, is more open 
to developing PCK across science specialist subjects (Kind, 2009a).  Further cases of exploration 
and intervention based development of PCK, in relation to SMK at pre-service level, are given in 
the section below.  Thus, all these cases illustrate that pre-service teacher education programmes 
may provide a fertile ground to develop PCK.  Returning to the central tasks of a pre-service 
programme, as outlined by Feiman-Nemser (2001) on the previous page, I would, however, like to 
insert ‘development of the competency to transform SMK’ as an additional central task.  I trust that 
the findings of this study will contribute towards the many ways of developing PCK in pre-service 
programmes.  Following below is the discussion on the nature of PCK with respect to SMK, 
teaching experience and beliefs.  These domains are among the factors considered to influence the 
development of PCK, and are of interest to the study.  .   
2.3 The Nature of PCK 
Many scholars (e.g. Jüttner & Neuhaus, 2012; Kind, 2009b) attest to the elusive nature of PCK.  
PCK is tacit, hidden knowledge. When preparing lessons, for example, teachers think 
pragmatically: ‘I am preparing a lesson’ not, ‘I am using my PCK’ (Kind, 2009b, p. 170). 
Pedagogical content knowledge is not (yet) an explicit ‘tool’ used consciously by teachers.  One 
of the aspirations of this review is to highlight factors reported to influence the development of 
PCK in pre-service teachers.  Despite its difficult tacit nature, science education scholars agree 
that PCK provides a useful theoretical framework for understanding and developing teachers’ 
competence (Abd El-Khalick, 2006). 
2.3.1 PCK and Subject Matter Knowledge 
Rollnick, Bennett, Rhemtula, Dharsey, and Ndlovu (2008) indicated that when a teacher was 
secure in her SMK, she could explain the science concept more fully and resorting less often too 
simplistic dialogue.  A similar finding was reported by Childs and McNicholl (2007).  When 
teaching topics in which she expressed less confidence in her SMK, students were forced to learn 
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by factual recall. Sperandeo-Mineo, Fazio and Tarantino (2006) used the macro-micro shift 
applied to thermodynamics as the subject context for their PCK development study,  and reported 
finding that pre-service teachers show the same learning difficulties and ‘representations’ as 
school students.  The authors suggest that knowledge transformation ‘is not a one-way process’, 
from SMK directly to PCK. They suggest a two-way process, pointing out that SMK differs 
between teachers, as will learners’ interpretations of what is presented to them.  Hence, successful 
knowledge transformation depends on teachers having a ‘deep knowledge of … physics … as well 
as an awareness of the pupils’ spontaneous models in the different content areas’ (p. 238).  Halim 
and Meerah (2002) studied the PCK utilized for teaching physics concepts by 12 pre-service 
teachers with varied science degree backgrounds.  They found that a majority of trainees held 
misconceptions similar to school students. When teaching, trainees repeated their own 
misunderstandings; their ability to transform SMK for students was ‘impeded’ (p 223) by their 
lack of knowledge. Similar conclusions were drawn by Van Driel, de Jong and Verloop (2002) 
The authors investigated how pre-service chemistry teachers teach topics involving the macro-
micro shift – the relationship between observable phenomena and the particulate nature of matter.  
Results showed that a university-based workshop and high quality mentoring helped trainees 
become more aware of their tendency to jump between macro and micro levels, without 
considering the impact of this on students.  The authors report that, following a workshop 
intervention, evidence of developing PCK was noticed in that trainees were more able to consider 
students’ needs in preparing teaching strategies.  From these studies, good subject matter 
knowledge is identified as an important factor in the efficacy of lessons.  It also seems to be a 
necessary pre-requisite for the development of PCK, as a number of scholars attested (Abd El-
Khalick, 2006; Geddis, Onslow, Beynon, & Oesch, 1993; Kind, 2009a).  However, there is also an 
understanding that the mere possession of SMK by itself is not sufficient to produce efficient 
lessons within a specialist topic by pre-service teachers, ‘as they lack experience to transform 
SMK to PCK’ (Kind, 2009a, p. 1557).   The science education literature has references pointing at 
classroom experience for the development of PCK, and therefore the ability to transform PCK. 
This aspect is reviewed in the next section. 
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2.3.2 PCK and Classroom Experience 
Veal and MaKinster (1999) monitored PCK of beginning science teachers, using a series of 
content-specific vignettes, among other methods.  They found that PCK developed over time, with 
participants reporting classroom experience as the most important influential factor.  Earlier, a 
Taiwanese case-study traced the development of PCK of three pre-service chemistry teachers 
during their one year teacher education course (Tuan, Jeng, Whang, & Kaou, 1995).  The authors 
report that, at first the teachers held hierarchical subject matter structures based on their own 
school education, in that they perceived chemistry as a subject comprising layers of successively 
more difficult and complex concepts. They had been taught in a highly structured format starting 
with the least complex concepts, building towards the most complex, as earlier ones were 
mastered.  The authors report that the students shifted to making more connections with other 
disciplines by the end of the training course. Initially, these teachers’ PCK relied on repetition of 
information. Later on, more evidence of rich PCK was displayed.  The recommendation from 
these studies highlights the importance of exposure to real classroom experience by pre-service 
teachers. A similar observation was made by Luft (2009), where beginning teachers were 
supported through an induction programme for a period of a year. Their PCK is reported to have 
strengthened in the area of student learning which the author attributes to working with students in 
their classrooms, becoming more cognisant of their students’ learning, and adapting their 
instruction accordingly.  However, Tobin and Garnett (1993) warned that classroom exposure is 
no guarantee for the creation of an ‘expert’.  Lee, Brown, Luft, & Roehrig, G. (2007) 
demonstrated that insights into PCK could be developed through a process that focused on the 
planning and enactment of a lesson, as called for by Darling-Hammond (1990) as one of the 
factors with influence on the development of PCK.  A cue is taken from this review of the 
potential value of a research design, for insight into the development of PCK, that has the 
planning of a lesson and its enactment integrated.  
2.3.3 PCK and Beliefs  
 In agreement with earlier studies on beliefs (Nespor, 1987), beliefs are expressed by Luft et al. 
(2011) as ‘personal constructs that are important to a teacher’s practice, as they guide 
instructional decisions, influence classroom management, and impact the representation of the 
content’ (Luft et al., 2011, p. 4).  In addition to good SMK and classroom exposure discussed 
14. 
 
above, the extent to which pre-service teachers learn and practice what they have been taught is 
reported to be linked to the beliefs they hold about teaching and teaching science (Luft, 2009). 
Many research studies on beliefs in science education have linked the construct to inquiry based, 
reform-based and learner-centred constructivist practices in the classroom (e.g.  Hasweh, 1987; 
Luft, 2009; Wallace & Kang, 2004 ; Zhang & Watkins, 2001).  Findings from these studies 
suggest that beliefs held by beginning teachers are generally fluid.  In their study of beginning 
secondary science and mathematics teachers, Simmons et al. (1999) found that their beliefs 
fluctuated between student-centred and teacher-centred positions.  In a small-scale study, Luft 
(2001) found that the beliefs of beginning secondary science teachers could be persuaded to align 
more with student-centred characterizations through a professional support programme.  A similar 
finding about the fluidity of beliefs of beginning science teachers is reported by Luft et al. (2011) 
in a two-year study.  In this study, the authors report that beginning teachers experienced 
modifications of their newly formed beliefs in ways that were inconsistent with the reformed-
based views.  A possible reason assigned to the observation was that teachers were inundated with 
additional responsibilities in their second year of practice.  Unlike beliefs, the PCK of the teachers 
in the study appeared to have been built as they worked with learners (Luft et al., 2011, p. 20).  
Teacher beliefs are further reported to influence teaching practices in a case study of a lecturer of 
organic chemistry whose lesson displayed manifestations of PCK (Davidowitz & Rollnick, 2011).  
The influence of beliefs on classroom practices in science education is therefore regarded as 
critical (Jones & Carter, 2007).  The influence of beliefs on the development of PCK will be of 
interest to this study. 
2.4 The benefits of developed PCK 
According to Shulman (1987), the benefit for teachers with PCK is their capacity to transform 
their comprehension, as they pedagogically reason about their teaching. He described 
transformation as “the capacity of a teacher to transform the content knowledge he or she 
possesses into forms that are pedagogically powerful and yet adaptive to the variations in ability 
and background presented by the students” (p. 15).  The idea of teaching involving transformation 
of SMK, has been supported by a number of researchers (Abd El-Khalick, 2006; Geddis & Wood, 
1997; Nezvalová, 2011). In exploring the epistemological aspects of PCK, Gess-Newsome 
(1999b) described two models that expert teachers may use to process their knowledge for 
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teaching - the integrative model and the transformative model.  For the purpose of this study, 
focus will be placed on the transformative model, which presents PCK emerging from the 
amalgam of all knowledge needed in order to be an effective teacher.   Knowledge of subject 
matter, pedagogy and context are transformed into a new version of knowledge that is more 
effective for teaching than its constituent parts.  This model is also described by Bishop and 
Denley (2007) in the form of an analogy of a top, with different colours representing the different 
knowledge domains.  When spinning, the colours of the top are mixed, portraying one single 
colour, of the PCK.  The implication for pre-service programmes is that there is a need to 
explicitly develop the view that teaching is about purposeful transformation of teacher knowledge 
for the benefit of learners (Geddis et al., 1993).  Geddis et al. (1993) further assert that once this 
view about transformation has been developed, it is important to “articulate the knowledge needed 
to perform such a transformation” (p. 675).  While the transformation model is widely accepted as 
a mechanism for the emergence of PCK, it is, however, not fully developed enough to define the 
knowledge needed to effect the transformation itself.  It is envisaged that, when the needed 
knowledge has been fully articulated, it may be taught in pre-service programmes, thereby 
accelerating the capacity to pedagogically transform SMK, and thereby developing the PCK of 
pre-service teachers.  This study is an attempt to elucidate the knowledge components that enable 
transformation of SMK, and further explore the impact of explicitly discussing them when a topic 
is taught to pre-service teachers.  Thus, the discussion below highlights cases where attempts have 
been made to conceptually articulate the knowledge needed for transformation of SMK in science, 
specifically chemistry.  
2.5 The Knowledge Needed to Effect Transformation of SMK 
In order to articulate the knowledge enabling transformation of SMK, the base used by the teacher 
as a foundation for her knowledge is first described. Shulman (1987) presented seven categories 
of knowledge as a minimum base.  The description of these categories has been extracted and 
adapted from Rusznyak (2008, p. 99) and summarized below: 
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2.5.1 The knowledge domains of teachers 
(i) Content knowledge 
Content Knowledge (CK), a term used by Shulman to refer to the amount and organization of 
knowledge per se (Shulman, 1986, p. 9).  CK, according to Shulman, has three distinguishable 
categories, namely, subject matter knowledge, pedagogical knowledge and curriculum knowledge. 
In his description of CK, he refers to ‘going beyond knowledge of the facts or concepts of a 
domain.  It requires understanding of the structures of the subject matter’ (Shulman, 1986, p. 9) 
However, when describing the categories of knowledge needed by a teacher, Shulman separates 
each of the categories and discusses them as stand-alone categories.  In this set of categories, 
content knowledge is used as an entity equivalent to subject matter knowledge only.  Content 
Knowledge then refers to knowledge and understanding of the central concepts, factual 
information and organizing principles that make up a discipline, an understanding of the big ideas 
(Grossman, Wilson, & Shulman, 1989). The difference in the references above is noted; in this 
study, the latter description has been adopted.  
 
(ii) General pedagogical knowledge 
General pedagogical knowledge is defined as the “broad principles and strategies of classroom 
management and organization that appear to transcend subject matter”, and is applicable across 
grades (Shulman, 1986).  Such knowledge includes ways of maintaining appropriate discipline, 
using class time efficiently, and communicating instructions / expectations clearly. 
  
(iii) Curriculum knowledge 
Shulman (1986, p. 10) maintains that curriculum knowledge and its associated materials provide 
the “pharmacopoeia from which the teacher draws those tools of teaching that present or 
exemplify particular content and remediate or evaluate the adequacy of student 
accomplishments”. Teachers should have vertical understanding of the curriculum of their 
discipline, as well as lateral understanding of what is taught in other disciplines for a particular 
level.  
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(iv) Pedagogical content knowledge (PCK) 
Shulman (1986) describes pedagogical content knowledge (PCK)  as a ‘blending of content and 
pedagogy into an understanding of how particular topics, problems, or issues are organized, 
represented, and adapted to the diverse interests and abilities of learners and presented for 
instruction‘ (Shulman, 1987, p. 93). He argues that knowledge of subject matter alone does not 
make one a teacher. He further describes PCK as the kind of knowledge that ‘goes beyond 
knowledge of subject matter per se to the dimension of subject matter knowledge for teaching’ 
(Shulman, 1986, p. 9) The difference between teachers and subject specialists is that teachers need 
to know the subject matter, as well as how this content knowledge can be transformed into 
representations that are comprehensible to a group of learners with diverse interests and abilities 
(Shulman, 1987, p. 98).  
 
(v) Knowledge of the learners 
This category of knowledge enables teachers to relate their teaching to the prior knowledge of 
learners, formulate representations that link with their interests and possess an understanding of 
their diverse abilities and ways of learning. 
 
(vi) Knowledge of educational contexts 
Shulman (1987) suggests that educational contexts range from “the workings of the group or 
classroom, the governance and financing of school districts, to the character and communities of 
culture” (p. 93). 
 
(vii) Knowledge of educational ends, purposes, and values and their philosophical grounds. 
This last knowledge category draws on the values and purposes of education that communities 
may have.  It also acknowledges the effect of the historical background of the school or learning. 
 
These are the categories of knowledge that Shulman considers as minimum requirements for 
teachers.  However, he considers PCK as the most enabling.  In describing PCK, he hints at 
another type of knowledge – subject matter knowledge for teaching.  He distinguishes this 
knowledge from PCK as concerned with the ‘aspects of content that are most germane to its 
teachability’ (Shulman, 1986, p. 9).  However, Shulman appears not to have perceived this kind of 
knowledge as a stand-alone domain in the teacher’s knowledge base, as it is excluded from his list 
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(above) of teacher knowledge categories. He did not define it as PCK but referred to it as 
reflecting knowledge, linked to SMK with respect to its teachability.  Unfortunately, his 
discussion on subject matter knowledge for teaching provided no examples of the components of 
such knowledge.  The discussion below explores the notion of subject matter knowledge for 
teaching as discussed by other scholars.  
2.5.2 Subject matter knowledge for teaching 
Geddis and Wood (1997) argue that as a consequence of focusing on teaching as transformation of 
SMK, a variety of different kinds of knowledge from which subject matter transformation emerge, 
are observed (p. 612).  The different kinds of knowledge include:   
 students’ prior knowledge, including the preconceptions about a topic 
 effective conceptual teaching strategies 
 alternative representation of the subject matter 
 importance of the topic to the overall chemistry curriculum – ‘curricular saliency’. 
 what makes the topic easy or difficult to understand 
 
While Geddis and Wood (1997) did not give an overall term or title for these different kinds of 
knowledge, the authors clearly distinguished between these and SMK per se, as well as 
emphasized their pedagogical transformative effect on SMK. In mathematics, Ball and her 
colleagues (Ball & Bass, 2000; Ball, Thames, & Phelps, 2008) have spearheaded the notion of 
knowledge for teaching mathematics through a collection of empirical studies.  What surfaced 
from their analysis was the evidence that teaching may require a ‘specialized form of pure subject 
matter’.   Ball’s argument for referring to such knowledge as ‘specialized’ includes the fact that 
the knowledge demonstrated by teachers in explaining operations was beyond mere algorithms 
commonly known to all professions using mathematics. ‘..Specialized Content Knowledge (SCK), 
is the mathematical knowledge and skill unique to teaching’ Ball et al. (2008, p. 400).  Her work 
in this line of thought has gone further in identifying what such knowledge in mathematics may 
contain:   
 error analysis.  She argues that mathematicians often engage in such practices.  Exercising 
this activity in class would be congruent with Lave’s theory of situated learning (Lave & 
Wenger, 1991) 
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 mathematical reasoning.  This requires teachers to choose strategic examples in their 
teaching. 
 mathematical language.  Teachers are to explicitly demonstrate their understanding of 
language specific to mathematics.  
 common students’ conceptions and misconceptions about particular mathematical content 
 mathematical knowledge of the design of instruction. This is the teachers’ understanding 
of sequencing particular content for instruction, choosing which examples to start with and 
which examples to use to take students deeper into the content 
 ‘horizon knowledge’ (Ball, 1993)  This is the awareness a teacher possesses of how 
mathematical topics are related over the span of mathematics included in the curriculum. 
 
Like Geddis and Wood’s assertion, SCK does not include knowledge of students, pedagogy or 
contexts, but both are concerned with specific ways of understanding SMK in preparation for 
teaching.  While the above-mentioned education researchers like Shulman, Geddis and Ball refer 
to and locate the above kinds of knowledge differently, what they have in common is a set of 
various knowledge types that enables transformation of SMK for purposes of teaching.  This set 
of knowledge types is, however, not PCK, as its composition excludes subject matter knowledge 
per se, an essential aspect of PCK (Abd El-Khalick, 2006).  This set of various knowledge types is 
an amalgam – with selective attention on SMK and with the purpose of teaching in mind.  It talks 
to deconstruction, re-structuring, sequencing and representing SMK with a purpose of 
accessibility by students in mind.  In light of the notion that each teaching instruction is viewed as 
a transformation of the SMK being taught, I suggest that the process of deconstruction and re-
structuring is repeated for each topic of SMK.  Therefore, each topic of SMK needs the above 
amalgam of knowledge talking specifically to it, and therefore transforming the topic 
pedagogically.  The results of the successful transformation of a given topic using the amalgam 
would display evidence of PCK within that topic, and the opposite would be true.  I have termed 
PCK observed in through this manner Topic Specific PCK.  As alluded to in the discussion above, 
a good understanding of subject matter knowledge per se in a specific topic will not transform it 
for understanding by learners (Abell, 2008).  Neither will it be sufficient, although essential, in the 
development of PCK (Kind, 2009a) in pre-service teachers.  It is the understanding of the 
knowledge components identified above, in relation to a given topic, that enables its 
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transformation to be suitable for teaching for understanding, and therefore manifested as PCK 
within the topic.  I have therefore defined Topic Specific PCK in this study as ‘a theoretical 
construct referring to the capability needed to transform teachers’ own comprehension of a given 
topic into formats that are suitable for teaching’.  While Geddis and Wood, and Ball et al. have 
formulated the knowledge components of Topic Specific PCK differently as described above, 
there are, however, common elements, making the formulations similar in some aspects.  The 
similarities include some elements listed by Ball et al. as constituting SCK. These are: teaching 
strategies/instructions, curriculum saliency, sequencing of content for instruction and 
representations.  There are also differences between the two formulations.  The major difference is 
the fact that Geddis and Wood have referred to understanding of what is difficult to understand by 
learners, as well as the use of representations which is used extensively in science. Ball et al. 
(2008) identified student errors uniquely from Geddis and Wood.  For the purposes of this study, I 
have drawn the knowledge composition of Topic Specific PCK based on the common elements 
listed by all the above authors, and from a selection of those considered important to science (see 
Table 2.1 below).  Thus, the formulation of Topic Specific PCK leans more towards Geddis and 
Wood’s model.  It may also be noted that the latter was derived from SMK transformation 
activities with both mathematics and science teachers, while Ball et al. is based on the work of 
mathematics teachers only. 
 
Table 2.1: Knowledge Components related to Subject Matter Knowledge for Teaching 
 ‘Knowledge types from which 
SMK transformation 
emerges’:  Geddis and Wood 
(1997)   
 ‘Specialized Content 
Knowledge’:  Ball et al.  
(2008) 
Knowledge Components of Topic 
Specific PCK 
 
 Students’ prior knowledge 
 Curricular saliency 
 What makes the topic easy 
or difficult to understand  
 Alternative 
representations  
 Effective teaching 
strategies 
 Error analysis.   
 Mathematical reasoning.   
 Mathematical Language.   
 Conceptions and 
misconceptions 
 Design of instruction.  
 “Horizon knowledge” (Ball, 
1993)  
 Students’ prior knowledge 
 Curricular saliency 
 What makes the topic easy or 
difficult to understand  
 Representations and powerful 
analogies 
 Conceptual teaching strategies 
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Therefore, for this study, the five knowledge components used in the transformation of SMK are 
considered to be working as a collective. Each of the components is briefly described below to 
provide meaning. 
 
(i) Learner Prior Knowledge    
Learner Prior Knowledge refers to common students’ misconceptions and alternative conceptions, 
as well as correct knowledge about a particular content.   
 
(ii) Curricular Saliency 
Curriculum Saliency refers to the learning of the various topics, relative to the curriculum as a 
whole.   It is the understanding of which topics are the most central and which more peripheral.  
Such understanding enables teachers to judge the depth to which a topic should be covered and 
hence the amount of time to spend on it (Geddis & Wood, 1997; Shulman, 1987). 
 
(iii) What is difficult and what is easy? 
The ability to identify gate-keeping concepts within a concept, that are difficult to understand, 
triggers dedicated awareness and possible interventions for teaching them.   
 
(iv) Representations 
This component refers to a range of subject matter representations including examples, 
illustrations, analogies, simulations and models. Chemistry teachers, in particular, make extensive 
use of a variety of representations of their subject matter, especially explanations at macro, sub-
micro and symbolic levels.   
K 
(v) Conceptual Teaching Strategies 
Conceptual Teaching Strategies refers to effective instruction strategies for particular 
misconceptions, known areas of difficulty to learn, or known importance of concepts.  It refers to 
the use of combinations of conceptual principles and rules of a topic as tools to confront potential 
confusion and misconception. However, it does not refer to general pedagogical knowledge 
strategies. 
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While the literature makes no claim to a hierarchal order of difficulty among the five components, 
it is, however, acknowledged from the descriptions, that conceptual teaching strategies encompass 
the understanding of the other components.  This places it highest in order of difficulty.  The 
understanding of common learner prior knowledge may be ranked least difficult, as this could be 
similar to what teachers themselves experienced as learners Kennedy (1999). 
Various researchers have reported the topic specific nature of PCK (van Driel, Verloop, & de Vos, 
1998) and also that it contains elements relevant for teaching different topics.  However, little is 
known about empirical studies that illustrate the nature of Topic Specific PCK, in particular with 
reference to pedagogical transformation of SMK.  The introduction of the term Topic Specific 
PCK warrants a discussion on my understanding how it differs from holistic PCK and other 
versions of PCK as cited in the literature. 
2.5 The Different Versions of PCK 
Pedagogical content knowledge as introduced in the mid-1980s by Lee Shulman refers generically 
to the knowledge unique to teachers used in their teaching to assist learners understanding.   It is 
valued as an epistemological concept that usefully blends together the traditionally separated 
knowledge bases of content and pedagogy.   Shulman argued that having knowledge of subject 
matter and general pedagogical strategies, though necessary, were not sufficient for capturing the 
knowledge of good teachers. To characterize the complex ways in which teachers think about how 
particular content should be taught, he argued for PCK as the content knowledge that deals with 
the teaching process. According to Shulman, PCK represents the blending of content and 
pedagogy into an understanding of how particular aspects of subject matter are organized, 
adapted, and represented for instruction, including "the ways of representing and formulating the 
subject that make it comprehensible to others" (Shulman, 1986, p. 9). If teachers were to be 
successful they would have to confront both issues (of content and pedagogy) simultaneously.  
Many other researchers have explored the concept of PCK since its introduction.  Many different 
models of PCK have consequently also emerged.   
Grossman (1990) extended the model by Shulman to include knowledge of context in addition to 
subject matter content and pedagogical knowledge, as shown in figure 2.1 below.  These three 
knowledge bases were regarded as sources of PCK.  In her model she further identified the 
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following components: (i) conceptions of purposes for Teaching Subject Matter, (ii) knowledge of 
student understanding, (iii) knowledge of curriculum and (iv) knowledge of instructional 
strategies as characteristics of PCK.  
 
Figure 2.1: Grossman model of PCK (Grossman,1990) 
According to Grossman, the component of “conceptions of purposes for teaching subject matter” 
is important because it denotes teacher’s knowledge and beliefs about the nature and the 
importance for students to learn a particular subject. The second component; “knowledge of 
students understanding” includes knowledge of students’ potential preconceptions and 
misconceptions.  The third component; “curricular knowledge” incorporates understanding of 
curriculum and relevant curricular material which includes exposure and familiarity with a range 
of textbooks and other instructional.  The fourth; “knowledge of instructional strategy” relates to 
the awareness of specific instructional strategies and representations for teaching particular topics. 
Magnusson, Krajcik and Borko (1999) further build on Grossman model.  Their PCK model also 
depicts PCK as being the product of knowledge of subject matter, pedagogy and context, where 
the relationship between the domains and PCK is reciprocal (see Figure 2.2 below).   
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Figure 2.2:  Magnusson et al. model of PCK (Magnusson et al.,1999) 
Based upon the work of Shulman (1986, 1987) and Grossman (1990), Magnusson et al. expanded 
upon the existing framework outlined by Grossman to conceptualize PCK to consist of five 
discrete components:  These are firstly: Orientations towards science teaching:  This component is 
described similarly to that of Grossman while named differently. It is regarded as playing a central 
role in the PCK framework and includes teachers’ knowledge and beliefs about the purposes and 
goals for teaching science at a particular grade level. The second component is knowledge of 
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science Curricula.  It includes the goals and objectives as well as Specific Curricular Programs 
and Materials.  The third and the fourth component knowledge of Students’ Understanding of 
Science and knowledge of science Instructional Strategies are similar to those described for the 
Grossman’s model above.  The last component, knowledge of assessment of scientific literacy 
refers to the teacher’s knowledge of which parts of student learning are the most important to 
assess in a certain content area.  While the above models have common elements across each 
other and also refer to some components that are of interest and explored later (Section 2.7 
below), they however are too generic for the topic specific objective of this study as discussed 
below. This point as it explained below. 
The literature points to 4 levels of PCK (Veal, Van  driel, & Hulshof, 2001), where the first level 
is general PCK, as described above. It is implied that an experienced or expert teacher with 
general PCK would have a sound understanding of pedagogical concepts.  These may be applied 
to other disciplines.  Ever since the introduction of the construct of PCK, models with various 
knowledge domains have been suggested in the literature to explain the nature of PCK.  Some of 
these display the subject matter knowledge domain explicitly (Cochran, DeRuiter, & King, 1993; 
Fernández-Balboa & Stiehl, 1995): in some, it is implicit (Grossman, 1990; Magnusson et al., 
1999). Whatever one’s preference may be, these models offer a description of the construct of 
PCK in a broader sense.  However, none of the models above could be used in their original form 
by this study as the interest of the study as, mentioned earlier, is in PCK in a specific topic.  The 
next level of PCK from the broader sense is subject-specific PCK, where subject refers to science 
as a discipline (Nezvalová, 2011).  This means studying PCK abilities that are specific to science. 
Grossman (1990) and later Magnusson et al. (1999) defined separate components of PCK by 
addressing features that are unique to science.  These include: orientation to science; knowledge 
of science by learners; science curriculum; instructional strategies and assessment.  This model 
has been used in the literature largely by empirical studies that have interest in the development of 
subject specific instruments that are measuring the quality of PCK in science (Jüttner & Neuhaus, 
2012; Tepner & Witner, 2011).  However, the use of the model specifically for science has come 
under criticism recently (Friedrichsen, Van Driel, & Abell, 2011).  Concern has been expressed 
about the different interpretations assigned to the understanding of one of the components of the 
models, namely, ‘orientation to science’.  Different interpretations have been observed in different 
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empirical research studies in the literature.  Furthermore, the appropriateness of linking 
orientations to knowledge structures of science (Nezvalová, 2011) is questioned.  PCK at this 
level is also not suitable for this study, as the focus is on PCK within a given topic.  The third 
level of PCK is within a specific domain of science.  While this level of PCK is listed in the 
literature alongside other levels, discussions about its distinct, unique difference from the subject 
specific PCK is blurred. Veal and MaKinster (1999) did not include the domain-specific PCK 
level in the description of their taxonomies.  In contrast, Magnusson and Krajcik (1993) point to 
the realization that different domains of science have their own list of concepts, terms and topics, 
some of which overlap. Some, however, also fall short of defining the difference of these to 
subject PCK. My observations are that the model by Magnusson et al. (1999), currently 
considered as subject specific (for science), is used also in research studies across the domains of 
science, for example, Tepner and Witner (2011) for chemistry, Riese and Reinhold (2009b) for 
physics and Jüttner and Neuhaus (2012) for a study in biology.  Nonetheless, the essence of my 
study is located at the Topic Specific PCK level, thus the discussion above has been built to assist 
in defining and distinguishing Topic Specific PCK from all the above versions.   PCK at a topic 
level, in this study, refers to the ability to synthesize conceptual understanding of a given topic 
within a specified subject domain into forms that are teachable.  According to Veal and MaKinster 
(1999, p 10 ‘the most specific and novel level of the general taxonomy is topic specific PCK’.  
Transformation of subject matter knowledge (topic) is central at this level.  PCK at this level is 
described, selectively, in terms of knowledge that enables transformation of SMK, topic by topic.  
The value of acquiring PCK at this level has been hinted by Magnusson et al. (1999) who said that 
‘Effective teachers need to develop knowledge with respect to all of the aspects of pedagogical 
content knowledge, and with respect to all of the topics they teach’ (p. 115).  In her review of 
progress made in researching the PCK theoretical construct since its inception more than two 
decades ago, Abell (2008) pointed out the need for science education researchers to explore 
teacher knowledge within science topics.  Thus, while the idea of PCK at topic specific level has 
been raised in the literature considerably before this study, there are few empirical studies that 
define and provide a concrete illustration of the construct.  This study hopes to remedy this state 
of affairs.  As I have highlighted the importance of transformation of SMK in the discussion of 
PCK at topic level above, and also presented the knowledge considered to effect it, the discussion 
below explores the understanding of transformation as a part of a pedagogical reasoning process 
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2.6 Reasoning about Teaching  
Good teaching is not only about knowledge but also the capability to reason soundly about 
teaching.  Sound reasoning by teachers requires both a process of thinking about their actions and 
a sufficient repertoire of content, principles and experience from which to reason. Shulman (1987) 
presented a theoretical framework entitled ‘Pedagogical Reasoning and Action’.  The framework 
was derived from an empirical study on expert teachers. It consists of aspects of reasoning, 
starting with (1) Comprehension, followed by (2) Transformation, (3) Instruction, (4) Evaluation, 
(5) Reflection and finally (6) New Comprehension.  Shulman is less explicit on how these 
components may interact; however, the framework offers an opportunity of analyzing the teaching 
process that gives particular prominence to the idea of transformation of subject matter.  In this 
study, I have adopted the sequential representation of these stages by Bishop and Denley (2007) in 
discussing this framework. However, I remain cautious that the reasoning process may 
simultaneously take into account two or more components that may even be out of sequence.  
Nonetheless, the sequential nature provides a platform for this study to discuss and analyze each 
component, specifically the transformation component and its sub-categories as they are of 
interest to this study.   The discussion below looks into each of the components, as outlined in 
detail in Rusznyak (2008, pp. 111-115), extracted and adapted for this study: 
2.6.1 Comprehension 
Shulman suggests that before teachers can embark on the act of teaching (in which ideas are 
exchanged), they first become learners themselves, as an “idea is grasped, probed, and 
comprehended by a teacher, who must turn it about in her mind, seeing many sides of it” 
(Shulman, 1987, p. 99) Teachers should comprehend not only the content and texts they intend 
teaching, but also the purposes and goals of the discipline itself. During the process of establishing 
comprehension, Shulman suggests that teachers would draw on their subject matter knowledge as 
well as their knowledge of educational goals, purposes, and values, and the philosophical and 
historical grounds on which these goals are based (Shulman, 1986). The relevance of this 
component to the study is that it points to the importance of establishing conceptual understanding 
of a topic to reason about and ultimately to teach. 
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2.6.2 Transformation 
This is the stage in the reasoning process that is central to this study.  According to Shulman, 
transformation requires a combination of processes, each of which employs a repertoire:  These 
processes are: (i) preparation that requires critical interpretation, (ii) representation of ideas in the 
form of new analogies, metaphors etc., (iii) instructional selection from an array of teaching 
methods, and (iv) adaptation of these representations and tailoring for a specific learner audience.  
These processes enable the teacher to move from personal comprehension to preparation for 
comprehension of the other.  They result in a plan to present a lesson. I note, with interest, the 
reference to common elements by both the amalgam of knowledge components identified as 
effecting transformation of SMK (components of Topic Specific PCK) as discussed earlier, and 
the processes regarded for transformation described below: 
(i) Preparation 
The process of ‘preparation’ involves “examining and critically interpreting materials of  
instruction” in order to detect errors and restructure the material into a form that is suitable for 
teaching (Shulman, 1987, p. 102). The process of ‘preparation’ may draw on and be supported by 
the knowledge of students’ prior knowledge, which includes alternative conceptions and 
misconceptions about the topic that the students may bring.  This knowledge is listed as one of the 
five knowledge components from which transformation of SMK emerges (Geddis & Wood, 
1997). 
(ii) Representation 
The process of representation involves deciding what multiple forms of “analogies, metaphors, 
examples, demonstration, simulations and the like” would best represent the ideas to learners 
(Shulman, 1987, p. 103).  This again, among other resources, requires the teacher to draw on 
knowledge for the different forms of representations which include macro, symbolic and sub-
micro representations, as mentioned in the discussion of the knowledge that enables SMK 
transformation.  These may also include a repertoire of powerful analogies and metaphors. 
 
(iii) Selection 
The teacher draws on his or her repertoire of instructional modes to select an instructional form or 
strategy that would be appropriate in the teaching of the particular lesson.  Shulman (1987) 
suggests that such a repertoire could include “not only the more conventional alternatives such as 
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lecture, demonstration, recitation, or seatwork, but also a variety of forms of cooperative  
learning, reciprocal teaching, Socratic dialogue, discovery learning, projects methods, and 
learning outside the classroom setting” (p. 103). In this case, the teacher is drawing on general 
pedagogical knowledge (PK).  I would like to add that the instructional (teaching) strategies 
mentioned here may extend beyond PK.  They include conceptual teaching strategies, where the 
decision a teacher makes is between using conceptual principles or rules within a topic in a 
manner that confronts misconception or serves as a check point for confirming predictions made 
from the other.  In such cases, the teacher will be drawing from the knowledge of conceptual 
teaching strategies associated with the topic, listed as one of the five knowledge components that 
enable SMK transformation. 
 
(iv) Adaptation and tailoring 
The final steps in transforming the content for teaching involve “fitting the represented material 
to the characteristics of [learners]”. In adapting the represented material to learners, the teacher 
may consider “aspects of [learner] ability, gender, language, culture, motivations, or prior 
knowledge and skills” (Shulman, 1987, p. 103). A teacher may further tailor the content to the 
characteristics of a particular learner, if tutoring an individual rather than a class (Shulman, 1987, 
p. 103).  I further suggest that knowing what is difficult to understand in a particular topic for a 
particular group of learners is knowledge that the teacher may draw on in making adaptations. 
Looking at the above descriptions of the processes making up transformation, there is an almost 
total overlap between these processes and the amalgam of knowledge components described 
earlier as knowledge that enables transformation of SMK.  The observed overlap presents a 
comprehensive picture of both the knowledge constituent and the process constituent that make up 
transformation, as a stage for synthesis of understanding.  Both the knowledge and process 
constituents are of interest to the study.  Given the good overlap between them, emphasis in this 
study is explicitly placed on the knowledge constituent (the five components in Table 2.1) while 
regarding the process constituent to be inherent in the discussion of how to use the knowledge.  
Shulman’s framework on Pedagogical Reasoning continues to provide platforms for deliberations 
on stages following successful transformation of SMK.  The next stage, following transformation, 
is actually delivering the instruction.   
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2.6.3 Instruction 
This refers to “observable forms of classroom teaching”, in which the prospective plan is enacted 
(Shulman, 1987, p. 101)  It includes classroom management, as well as presentation of content, 
interaction with learners, and assigning of work. Shulman argues that behavioural aspects of 
teaching and use of modes of instruction “[are] bound up with comprehension and transformation 
of understanding” (p. 105).  
2.6.4 Evaluation 
During the process of evaluation, the teacher checks for learner understanding while teaching 
interactively. Shulman (1987) argues that for a teacher to comprehend what a learner understands, 
requires a “deep grasp of both the material taught and the process of learning” (p.106).  
2.6.5 Reflection 
Shulman (1987) defines reflection as “the set of processes through which a professional learns 
from experience” by reviewing the lesson in relation to the purpose that the teaching intended to 
achieve (p.106).  It takes place when a teacher “looks back at the teaching and learning that has 
occurred, and reconstructs, re-enacts, and/or recaptures the events, the emotions and the 
accomplishments” (Shulman, 1987, p. 106). 
2.6.6 New comprehension 
Shulman (1987) suggests that, as a result of thorough ‘reasoned’ teaching, the teacher comes to a 
“new comprehension” of the “purposes and of the subjects to be taught, and also of the [learners] 
and of processes of pedagogy themselves” (p.106). 
The pedagogical reasoning and action framework provides a process of reasoning about teaching.  
It is a framework that offers guidance on what to do with all the different learnt knowledge 
domains that comprise the epistemological structure of PCK.  The framework enables one to 
reason about subject matter knowledge; knowledge about teaching the specific subject matter 
which has transformative effects; the actual action of good teaching and the following act of 
reflection about the delivered teaching.  The framework offers a mechanism to accomplish the 
powerful statement by Shulman, that is, “… those who understand, teach” (Shulman, 1986, p. 14).  
While I acknowledge the complexity surrounding the understanding of what PCK exactly is and 
how it develops, this study brings an opportunity to investigate the combined impact of the 
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exposure by pre-service teachers to (i) learning the subject matter knowledge per se, (ii) 
understanding its transformation for teaching purposes and (iii) the reasoning about its teaching.   
I argue that fostering all these three elements brings pre-service teachers closer to the implicit 
thoughts that expert teachers engage in.  Thus, explicit exposure to such deliberations will, in a 
reciprocal way, enable pre-service teachers to learn how to think about their comprehension and 
also teach their ‘prospective students’ with the same benefits derived from a fully developed PCK.   
2.7 Theoretical Framework 
The theoretical framework proposed for this study, draws on two theoretical ideas. Firstly the idea 
of Pedagogical Content Knowledge (PCK) using a transformative model that explicitly includes 
SMK as one of the knowledge domains, and recognized the influence of teacher beliefs 
(Davidowitz & Rollnick, 2011). Secondly the Pedagogical Reasoning (PR) model (Shulman, 
1987) with particular emphasis on the process of transformation.  These two models have been 
merged only with respect to the SMK domain provided by the PCK model, the transformation 
process provided by Shulman’s PR model all framed onto underlying beliefs as defined in the 
chosen PCK model.  In the discussion below I first introduce the and Davidowitz and Rollnick’s 
PCK model, after which briefly recall the transformative stage of the PR model, and finally 
explain the resulting model with emphasis on links made across the models.   
2.7.1  PCK Model 
A review by Kind (2009b) of research studies in PCK attest to the numerous models of PCK in 
the literature since the introduction of the construct by Shulman.  Some explicitly refer to and 
include SMK as a knowledge domain in their definition of what PCK is, for example (Cochran, 
DeRuiter, and King, (1993) extended the idea of PCK to Pedagogical Content Knowing (PCKg), 
citing alignment of the theoretical PCK construct with radical constructivism that advocates 
‘continuous generation of autonomous conceptual understanding’ (p 266).  In this view, the 
description of PCKg emphasizes development of (1) pedagogical knowledge (PK) and (2) subject 
matter knowledge (SMK) in the context of (3) knowledge of students by the teacher, and (4) 
knowledge of the environmental context of learning.  This perspective brings to the fore both the 
dimension of teaching and that of learning. I have followed with interest how the model has 
evolved with studies that focused mainly on how SMK is tied to PCK, for example Rollnick et al. 
(2008).  In their study, the model was advanced to present the internal teacher knowledge that 
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makes PCK and the observable classroom manifestations a result of the developed teacher’s PCK.  
The model is shown in Figure 2.3 below: 
 
Figure 2.3: Tailored PCK model from Rollnick et al. (2008) 
 
The internal knowledge domains, drawn from Cochran et al. (1993), are shown in the bottom half 
of the diagram, while the manifestations in the top part of the diagram are drawn from various 
sources, such as Geddis and Wood (1997).  The authors indicate that the usefulness of this model 
lies in the separation of the teacher’s internal knowledge from observable manifestations in a 
classroom.  In another study (Davidowitz & Rollnick, 2011), where the teaching practices of an 
accomplished lecturer of organic chemistry was studied, authors used the above model as 
theoretical framework for analysis.  They modified the model further to include teacher beliefs as 
a base on which the teacher knowledge domains lie, see Figure 2.4 below. 
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Figure 2.4: Modified PCK model from Davidowitz and Rollnick (2011) 
2.7.2  Topic Specific PCK Model 
As the purpose of this study is to improve the quality of PCK, Topic Specific PCK to be exact, 
both SMK and beliefs are crucial elements to be investigated.  Thus, the modified PCK model 
above was selected as a PCK model from which the theoretical framework for this study could be 
built.  Unlike the studies by Rollnick et al. (2008) and by Davidowitz and Rollnick (2011) this 
study has a developmental perspective on PCK.  Its interest lies in developing teacher knowledge 
that may influence the teaching practices (Shulman, 1987).  Therefore modifications to the 
selected PCK model will be needed.  Firstly, the upper part of manifestations observable in a 
classroom will not be relevant to my study as the starting point is the comprehension of SMK for 
a given topic and learning the competencies that enable the topic’s transformation, as teachers 
reason through the intended teaching.  All these fall within the ‘internal’ teacher knowledge 
domains and evidence for development will fall in the level of planning for teaching.  More details 
on collection of data are discussed in the next chapter, chapter 3.  Therefore the classroom 
observable manifestations are removed in my adapted model.  Secondly, the construct of Topic 
Specific PCK, comprised of the repertoire of knowledge components identified above as enabling 
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transformation of SMK has been inserted between the SMK, domain and the overall PCK, shown 
in red shading in Figure 2.5 below.  
 
 
Figure 2.5: A model of Topic Specific PCK 
The arrow from the SMK knowledge domain is presented as a one-directional arrow starting from 
SMK to PCK, because of the understanding that good SMK is a pre-requisite for the development 
of PCK (Abd El-Khalick, 2006; Kind, 2009a).  The inserted construct of Topic Specific PCK on 
the left of the diagram speaks specifically to transformation of SMK, as explained in Geddis and 
Wood (1997).  The result of teachers knowing and reasoning their comprehension of a given topic 
through the listed five knowledge components is the transformation of their comprehension into 
formats suitable for understanding by learners.  The observed result will deal specifically with the 
topic at hand, thus referring to it as Topic Specific PCK.  According to the PCK model, the 
process of transforming comprehension into teachable formats is influenced by the beliefs 
teachers hold about science education.  Student-centred beliefs are advocated in this model as they 
have been reported (Luft et al., 2011; Luft & Roehrig, 2007) to be associated with enquiry-based 
learning likely to be associated with the presence of PCK (Luft et al., 2011).  The faint arrow 
linking the knowledge of students’ domain to the Topic Specific PCK bubble, reflects 
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acknowledgement that some aspects of this domain (a component of the broader PCK), such as 
‘students’ prior knowledge’ also appear as knowledge components of Topic Specific PCK.   
The merging of the two theoretical ideas displays a synergic fit, supporting the bigger discussion 
about PCK, SMK and its transformation.  This discussion is taken to a topic-specific level in this 
study, where the development of the capability to transform comprehension is explored.  In this 
model the quality of Topic Specific PCK may be linked to the extent of evidence of pedagogical 
transformation, of SMK through the listed five knowledge components.  Therefore, attempts to 
measure this quality need to take into account its epistemological emergence from pedagogical 
transformation as pointed out.  Thus care had to be taken in this study that the idea of Topic 
Specific PCK, as premised on transformation of SMK, is observed as the construct to be 
investigated and singled out for measurement.  Accordingly, discussions on how the construct has 
been carried through the research design, the tool for measuring Topic Specific PCK, the 
intervention and the analysis of collected data are given in thick descriptions, in stand-alone 
chapters below.  It is also important to specify the topic in which the above exploration will be 
made in this study - Chemical Equilibrium.  Chemical Equilibrium is one of the main topics in 
chemistry perceived to be difficult to learn, but essential for understanding of other related topics 
(Tyson & Treagust, 1999)   As such, research findings about aspects of its teaching are discussed 
in the next Section.   
2.8 Teaching and Learning Aspects in Chemical Equilibrium 
Research studies suggest that the understanding of chemical equilibrium is crucial, as it 
constitutes the foundational understanding needed in other chemistry areas, such as oxidation-
reduction and solubility (Bergquist & Heikkinen, 1990).  However, the topic is perceived to be 
difficult (Tyson & Treagust, 1999). Previously identified misconceptions continue to be detected, 
despite recommendations available in the literature to correct these.  Reasons given include the 
realization that the content of chemical equilibrium is abstract and the required explanations are 
content and terminology specific (Ben-Zvi, Eylon, & Silberstein, 1987).  Driver (1989) argues that 
it is not enough to simply alert students to the common errors, as their ideas remain resistant to 
change, but properties of a science content should be linked to its teaching strategy (White, 1994).  
While the thrust of this study is not on alternative conceptions that students hold about chemical 
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equilibrium, it does form an important component of the five knowledge components identified as 
enabling transformation.  Therefore the discussion below has relevance.  
2.8.1   The Difficulty of Learning and Teaching Chemical Equilibrium 
Tyson and Treagust (1999) warn that teachers tend to overlook the specific nature of chemical 
equilibrium and oversimplify their interpretations of certain concepts.  The authors illustrate a 
subtle error made by teachers when introducing the topic of equilibrium, by using an example of a 
physical system, and expect extrapolation and accurate inference to be made to a chemical 
equilibrium system.  They point out that, in cases where teachers use the example of the 
reversible, physical system of dissolution such as that of sodium chloride, to introduce the concept 
of equilibrium, they tend to overlook the details.  At a given temperature, there is a point where 
the solid sodium chloride added to the solution will not dissolve anymore and the maximum 
concentration of sodium ions and chloride ions in solution is reached.  This point is called the 
saturation point.  At this point in a physical system, equilibrium is reached.  The addition of more 
solid sodium chloride will not affect the overall composition of the equilibrium mixture.  It is 
suggested that students can understand this phenomenon with ease.  The challenge surfaces when 
chemical equilibrium systems are discussed.  The addition of a solid at equilibrium in a chemical 
system will also have no macro effect on the equilibrium, but for a different reason.  For chemical 
equilibrium systems, there is no point of saturation at any temperature.  The lack of effect of a 
solid on equilibrium is because there is no consideration of liquids or solids in the expression for 
the equilibrium constant, Kc – only concentrations of components in the gas phase are considered.  
The pressure of the solid in the gas phase, and hence its concentration, is constant and its value 
incorporated into the value of the equilibrium constant.  Often when students are asked for an 
explanation of this observation, they erroneously use the same interpretation as for physical 
equilibrium systems.  It is suggested that the reason for this observation is partly because they 
were introduced to the concept of equilibrium, using examples that evidently go to completion 
first, and struggle with the concept of incomplete reactions. 
2.8.2    Limitations of Alternative Conceptual Explanations 
It is further reported that students experience difficulty in predicting the effect of change when 
chemical equilibrium is disturbed (Hackling & Garnett, 1985; Kousathana & Tsaparlis, 2002; 
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Voska & Heikkinen, 2000).  Three alternative conceptual explanations may be used independently 
to explain changes when equilibrium is disturbed.  These are: the Le Châtelier’s Principle, the 
Equilibrium Law and the Collision theory (Rates of Reaction).  However each of these has subtle 
considerations that relate to the specificity of the type of equilibrium and reaction conditions in 
question.  For example, according to Le Châtelier’s Principle, the equilibrium system will oppose 
the change made to it.  This principle will not hold when additional solids or solvents are added.  
Despite the fact that this is one of the widely reported (Tyson & Treagust, 1999) limitations of the 
Le Châtelier’s Principle in the education literature, school and tertiary textbooks do not include 
this limitation. Only in the recent publications for text books used at university level is reference 
made to Le Châtelier’s principle as an ‘useful device…which has no theoretical basis’ (Mahaffy, 
Bucat, Tasker, Kotz, Treichel, Weaver and McMurry, 2011, p. 477).   This results in the teaching 
of the Law without the discussions of its limitations.  As a result it is often misapplied by students 
predicting the behaviour of an equilibrium system where the mass of solids is changed (Quilez-
Pardo and Solaz-Portolez, 1995).  The next alternative explanatory theory is the ‘collision theory’.  
According to this theory, the existence of chemical reaction and its rate are a result of the physical 
contact of the reacting atoms.  The theory states that the amount of a solid will not influence the 
rate of chemical reaction, but particle size will.  It is reported that the use of the phrase ‘particle 
size’ creates potential misconceptions with reference to a meaning at macro vs. micro level.  
Students expressed confusion whether collision theory about rate of reaction will hold, when 
powdered vs. pelletized form of solids are used (Tyson & Treagust, 1999).  However, when 
choosing to use the Equilibrium Law, which has an equation that relates the concentrations of 
gaseous or aqueous reactants and products, at equilibrium at a given temperature, the potential 
confusion about the effect of solids at equilibrium may be avoided.  The equation explicitly 
excludes solids.  When students are able to link the equation to an actual reaction situation, they 
may find it plausible that solids do not affect the equilibrium (Mahaffy et al., 2011).  
  
2.8.3   Alternative Conceptions of specific content phrases 
The meaning of specific terms used in chemical equilibrium has been found to have different 
meanings by students.  In addition to the term ‘particle’ discussed above, this applies to the very 
phrase ‘equilibrium’ (Bergquist & Heikkinen, 1990).  The commonly held alternative meaning is 
that ‘concentrations of all species (reactants and products) of a reaction mixture are equal at 
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equilibrium’ (Tyson & Treagust, 1999, p. 557). The other phrase reported as challenging was the 
meaning of the phrase ‘equilibrium position’.  Reported meanings by students include the same 
meaning as the phrase ‘equilibrium’, reference to the rate of reaction and a delay in reaching 
equilibrium.  Further, difficulties are reported for: failure to distinguish between rate of reaction 
and extent of reaction (Banerjee & Power, 1991), the constant nature of the equilibrium constant, 
left and right sidedness (Kousathana & Tsaparlis, 2002) and mass vs. concentration (Wheeler & 
Kass, 1978). 
While this discussion on difficulties with chemical equilibrium is not exhaustive, it brings to the 
fore the importance of knowing what makes the topic difficult.  It further highlights the common 
misconceptions that students hold.  It provides insight into the limitations that different conceptual 
explanations (principles and theories) have when used in certain contexts. In a way, the discussion 
has begun the process of reasoning about teaching. It has brought to the fore considerations about 
the hard core content that must be made for effective teaching. These considerations have 
transformative effects on the content. Furthermore, the discussion on these considerations 
influences the teaching strategies that a teacher may choose. By ‘teaching strategies’, I place 
emphasis on the choices of examples used, warnings and discussions the teacher strategically 
chooses to discuss explicitly in class and those strategically avoided.  The discussion below looks 
at recommended teaching strategies that are effective in relation to the specific difficulties of the 
discussed topic.  
 2.8.4 Recommended Teaching Strategies  
Van Driel, De Vos, Verloop & Dekkers (1998) suggested teaching strategies that target (i) the 
types of reasoning used by students and (ii) teaching strategies that promote conceptual change 
with regard to the identified reasoning.  Wheeler & Kass (1978) recommended the use of 
concentration vs. time graphs to assist students to visualize what happens, as equilibrium is 
reached and when it is disturbed.  This suggestion supports the point that was made much earlier 
by Hackling and Garnett (1985), i.e. to use quantitative aspects, such as concentration to illustrate 
the relationships between species at equilibrium. Tyson and Treagust (1999) warn about the 
language used.   A similar warning is re-iterated by Van Driel and Gräber (2002) who studied the 
teaching and learning of the topic of chemical equilibrium with Netherlands students (age group 
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15).   Although certain terms are specific to the topic, the authors recommend that these phrases 
be avoided and/or re-phrased to avoid ambiguity at the introductory stages of the topic.  For 
example, the authors suggest avoidance of the term ‘equilibrium position’ and encourage 
rephrasing of questions or statements about this concept to refer to the concentrations of the 
species in equilibrium like … ‘What happens to the concentration of a particular species in the 
equilibrium mixture’ (pg. 558).  Bilgin (2006b) recommends that the small group work approach 
be used when teaching chemical equilibrium.  His recommendation is based on the improvement 
in performance noticed when pre-service teachers were taught in small groups, creating 
opportunities to discuss both their misconceptions and new ideas. Quilez-Pardo and Solaz-
Portolez (1995) warn that teachers should teach concepts in Chemical equilibrium with teaching 
strategies that are conceptually more exacting, and promote problem solving competencies.  The 
use of rote learning and continuous use of algorithms do not develop the problem solving capacity 
demanded by the topic. These recommendations, as well as the identified difficulties will 
influence greatly the planning and the delivery of the intervention on chemical equilibrium in this 
study.  
2.9 Summary 
This chapter has described research related to improvement of the quality of PCK, particularly 
with pre-service teachers.  Findings from a few cases where PCK was developed in pre-service 
teachers have been presented to create reasonable expectations for success in the intended goal of 
the study.  The nature of PCK has been reviewed with particular interest on SMK and its 
pedagogical transformation.  Five teacher knowledge components that effect transformation of 
SMK, as identified by various scholars across the science and mathematics education, have been 
brought to the fore.  These are: students’ prior knowledge, curricular saliency, what is difficult to 
teach, representations, including analogies, and conceptual teaching strategies.  These knowledge 
components are perceived as aspects of content that are most germane to its teachability’ 
(Shulman, 1986,  p. 9).  After identification of these five knowledge components, the focus of the 
review switched to emphasizing the likely benefits to be seen from the ‘application’ of the 
components on a given topic  Application herein refers to thinking about the teaching of the 
content of the topic, in terms of the five knowledge components.  It was argued, in the review, that 
the teachers’ comprehension of a topic derived from reasoning through the knowledge 
40. 
 
components would be similar, although still in the planning form, to that manifested in classrooms 
by teachers with PCK.  Thus the observed benefits would be specific to the topic under discussion 
Topic Specific PCK.  
The review presents a diagram of a model that reflects Topic Specific PCK in relation to broader 
PCK and the pedagogical transformation that happens for each topic being planned for teaching.  
The combination of the PCK theoretical framework and that for pedagogical reasoning, 
specifically transformation, has resulted in a new theoretical framework. The new theoretical 
framework enables exploration of pedagogical transformation topic by topic.  Thus, there is a  
need for a tool to measure Topic Specific PCK within a topic of interest, in this case, chemical 
equilibrium.  The proposed theoretical framework influences the conceptualization of a tool to 
measure PCK within a topic (Chemical Equilibrium), the research design through which the 
construct is explored, the intervention and the analysis of the data collected in the study.  The 
Chapters below address each one of these aspects and show how the idea of PCK within a topic 
(Topic Specific PCK) flows through. 
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CHAPTER 3 
3.  RESEARCH METHODOLOGY 
In this chapter, I outline and present a justification for the research design of the study.  I discuss 
the rationale and the implementation of the chosen research methodology in context of the 
purpose of the study. I describe the instruments used for data collection, as well as the process 
followed for both development and adaptation of the respective instruments. I also explain how 
different data were collected in acknowledgement of issues of validity and trustworthiness.  I 
conclude by reflecting on the ethical procedures and the limitations inherent in the study.  
3.1   Introduction and Overview  
In this chapter, I begin by providing an overview of the research process, then discuss the 
rationale behind my research design.  I highlight how the research design relates to the proposed 
theoretical framework and my research questions.  Further, I describe the components of the 
research design in the following sequence of importance: the methods used in the study and the 
rationale for using such methods, the instruments used in the study and the process of developing 
one of the instruments as a new tool and that of adapting others, the selection of study site and 
participants, the intervention, the data collection process, the analysis, issues of validity and 
trustworthiness as well as ethics and limitations of the study.   
Over the period June to December 2010, I worked on the development of a new tool measuring 
PCK within chemical equilibrium as a topic and adapting existing tools measuring conceptual 
understanding in the topic and beliefs about teaching science.  In the first two months of the year 
2011, I piloted and validated the new tool with two groups of practicing teachers.  Parallel to the 
tool validation process, I initiated discussions with the course coordinator and the lecturer for the 
B Ed physical science FET phase methodology course for the feasibility of running an 
intervention- targeting explicit discussion of the knowledge enabling transformation of SMK.  I 
drafted a programme for the intervention that was finalized in consultation with the lecturer, to 
validate the quality of cognitive demands in accordance with the requirements of the programme. 
I also discussed and made arrangements for all ethical considerations with the participants and the 
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programme authorities.  Over a period of six weeks, from the last week of the month of February 
to the first week of April 2011, I conducted the intervention in the methodology class of the 4th 
year physical science pre-service teachers. I collected data as pre- and post-written tests at the 
beginning and end, as well as through qualitative strategies during the intervention.  After about a 
month of completing the intervention and data collection in the class, I followed two of the pre-
service teachers who were participants in the intervention into a school.  I observed them teach 
lessons in the same topic as in the intervention during their school experience.  This process was 
preceded by the appropriate arrangements for ethical considerations in the school.  I observed 
them for a period of three weeks in the month of May 2011.  Their lessons were captured through 
video recording, supported by pre- and post-lesson interviews.  In the month of June 2011, all the 
collected data was prepared by coding individual scripts, duplicating and digitizing for ease of 
safe storage and scoring by multiple raters.  Then analysis and writing began.  
3.2 Research Methodology 
Educational research is traditionally perceived as falling within the social science domain.  
According to Henning (2004), in social science, the position of the researcher has a strong 
influence on the reported claims.  Therefore, best practice in educational research methods 
requires explicit revelation by the researcher of his or her own ontological and epistemological 
assumptions e.g. (Opie, 2004; Tobin, 2000).  Social science research has a division between 
quantitative and qualitative studies, that is deemed mostly (but not always) to be associated with 
the type of the paradigm which the researcher has adopted (Opie, 2004).  Opie suggests that 
quantitative research techniques are likely to be adopted by a researcher who holds a positivistic 
view, while qualitative techniques are largely adopted in cases of naturalistic outlook.  In response 
to the above suggestion, I have provided my views about teaching and learning in detail in 
Chapter 1, as they fall in neither of the above categories exclusively.  The research methodology 
adopted in this study is mixed methods.  The discussion in the section below provides the 
rationale behind this choice.  
3.2.1  Mixed Methods  
Mixed-methods research (MM) is a less established research method, compared to qualitative or 
quantitative methods, as it has explicitly emerged as a standalone method only in the last few 
years.  The philosophical orientation associated with MM is within the pragmatist paradigm, 
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employing both narrative (qualitative) and numeric (quantitative) approaches to answering 
research questions (Teddlie & Tashakkori, 2009)  According to Fielding (2010), researchers are 
shifting focus to what is more practical and best to answer questions.  Moran-Ellis, Alexander, 
Cronin, Dickinson, Fielding, Sleney, & Thomas, (2006) define mixed methods as ‘the use of two 
or more methods that draw on different meta-theoretical assumptions (i.e. that are cross-
paradigmatic).  Mixed-methods studies can include standard positivistic quantitative and 
interpretive-qualitative components, or a mix of different qualitative data (positivistic, 
interpretive, phenomenological, visual)’ (p. 46).  Bryman (2006) cautions that research studies 
often refer to the use of such approaches without a rationale because this was necessary or better 
than a mono-method approach.  Others who did offer a rationale, did not actually employ mixed 
methods in the study itself, while a third group offered a rationale and did administer mixed 
methods, but relied on a single method for analysis of observations.  He therefore emphasizes the 
need for a rationale that is followed through from the beginning to the end of a study.  That is, 
MM approaches should be linked to the research questions as well as the corresponding analysis.  
In acknowledgement of Bryman’s assertion, the rationale for the use of MM in this study is herein 
discussed.  In recent times, mixed methods have been actively promoted, particularly in relation to 
research concerning social problems and the evaluation of social intervention programmes 
(Greene, Benjamin, & Goodyear, 2001; Luft et al., 2011).  The training and development of future 
teachers is regarded as a social activity; the study also evaluates the impact of an intervention; 
thus the method has relevance to the context of the study.  Some of the benefits reported for using 
mixed methods include: (1) the accuracy of research findings and the level of confidence in them 
(Kelle, 2001), (2) generating new knowledge through a synthesis of the findings from different 
approaches (Foss & Ellefsen, 2002), (3) hearing different voices and bringing into play multiple 
constructions of the phenomenon (Moran & Butler, 2001) and (4) reflecting the complexity of a 
phenomenon (Boaler, 1997).  The use of the MM in this study lies in its benefit to explore 
perceived complexity and the multifaceted aspects associated with PCK.  For example, the 
process of learning to reason pedagogically, as pre-service teachers attempt to transform their 
SMK for teaching practice, is a complex one.  The process is reported to include trial and error 
(Loughran, Berry, & Mulhall, 2006), making choices, adapting them and reflecting on them.  
Furthermore, the manifestations of their internal deliberation are seen through varied platforms.  
These include verbal classroom discussions, suggested classroom lesson plans and enactment of 
44. 
 
teaching instructions.  In an effort to reflect this constructive process as it unfolds from both 
verbal and written interactions, narrative qualitative method strategies were considered best in 
capturing and analyzing the events.  However, in order to develop an understanding of the extent 
of reasoning developed through the learning process, statistical quantitative methods on the same 
data were considered more enabling.  Similarly, for the research question on beliefs, establishing 
what beliefs are initially held by pre-service teachers is best reflected through descriptive 
qualitative methods.  Yet the extent of the observed shifts in the beliefs, as a result of the 
intervention, is best captured statistically through quantitative strategies.  Both these examples are 
different aspects of the same research question, best answered by analyzing and integrating the 
findings of the different traditional methods.  On the other hand, other research questions in this 
study are answered best by the use of the mono-type research method.  Questions with regard to 
validity of instruments used and the measurement of the significance of the shifts in test scores for 
SMK evaluations are best dealt with by quantitative methods.  The interpretation of the findings 
from both qualitative and quantitative strands of the MM, culminates in rich, holistic responses to 
the research questions (Teddlie & Tashakkori, 2009).  Punch (2005) identifies three key points for 
consideration when using mixed methods: whether the methods are taken as equal, whether or not 
they influence the operationalization of each other and whether they are conducted simultaneously 
or sequentially.  Moran-Ellis et al. (2006) argue that using mixed methods, in an integrative 
manner, requires that different methods (or types of data) are given equal weight, and are, 
therefore, necessarily interdependent, while retaining their paradigmatic modalities.  In this study, 
both methods have equal weight as each captures a different aspect of the same question perhaps 
not reflected by the other. This ensures the required integration in MM. Furthermore, none of the 
methods follows a chronological order with one strand emerging from, or following, the other.  
The design, therefore, meets not only the requirement for a rationale that establishes suitability but 
also the criteria for a ‘parallel mixed design’.  In this kind of the MM design, the qualitative and 
the quantitative strands of the study occur in a parallel manner and simultaneously (Teddlie & 
Tashakkori, 2009).  This method is implemented within a case study as a research strategy; the 
section below outlines the implementation in detail. 
 3.2.2 Research Strategy: Case Study  
In this study, I have used the case study as a research strategy. The choice is based on the 
advantages that this approach traditionally offers.  One such advantage is that it encourages the 
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use of the MM research method, enabling targeted in-depth explorations of interactions.  Also, in 
view of the complex and tacit nature of the theoretical concept of PCK, this approach has allowed 
concentration on one or more factors to deal with the ‘subtleties and intricacies’ of the construct. 
Merriam (2002, p. 8) describes a case study as “an intensive description and analysis of a social 
unit”.  The ‘social unit’ in this study is a class of fourth year pre-service teachers.  These are pre-
service teachers in their final year of study towards a teacher qualification - the B Ed degree, with 
Physical Science as their major subject.  Over the years the final year class generally includes a 
few (about 2-3) students who have registered for a different qualification called the Post Graduate 
Certificate in Education (PGCE).  The PGCE qualification is a one (1) year programme designed 
to provide the teaching and learning aspects of teaching science to students who are graduates of 
first degrees in traditional science qualifications.  These students now wish to pursue teaching 
physical science as an alternative career.  Two (2) PGCE students were added to the class of 2011.  
Together with the undergraduates, as a class of final years working towards a similar goal, they 
comprised a ‘social unit’.  A case study is also regarded as a ‘bounded system’; it may be bounded 
by time and/or place (Babbie, 2001).  The selected class meets this requirement. The class was 
bounded by the requirements of the qualification – studying, at the same time, for a particular 
teacher qualification degree,  at a common particular teacher education institution (Wits School of 
Education), for a specific duration - four years for the majority (for which 2011 is the final year), 
and 1 year for the PGCE students.  These boundaries are firm, unlikely to change during the term 
of the study, as they have been defined in compliance of the qualification rules of the education 
institution, which in turn comply with the South African Qualification Framework.  The selection 
of the class was based on the maturity of the pre-service teachers with regard to exposure to 
school teaching practice over their studying years (6 weeks per year) and a better grasp of science 
conceptual understanding.  While the advantages for the use of a case study approach have been 
alluded to above, the limitations of the approach are also acknowledged.  One such disadvantage 
is the limitation on generalization opportunities.  According to Adler (2004), researchers in 
teacher education need to be conscious of and aim for a balance between insights offered by in-
depth studies of specific exemplars, and broad generalized patterns from large samples.  A case 
study, as a research strategy, has limitations in that it focuses on a particular group, exclusive to 
others, restricting the generalization of findings, as Adler cautions.  This limitation will be 
minimized by using the whole class as a sample (see discussion on sampling below) and also 
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providing thick descriptions of the events (Teddlie & Tashakkori, 2009).  Further disadvantages of 
a case study refer to the perception that this approach produces soft data. The design of this study 
minimizes these disadvantages through the use of the MM method that produces both narrative 
(soft) and numeric (hard) data for analysis.    
3.3 Research Instruments 
3.3.1 The Development of a Topic Specific PCK Tool 
A new tool measuring the quality of Topic Specific PCK was developed in this study.  The nature 
of the tool is such that it measures data for the quantitative component of the study, as well as 
capturing descriptions that contribute to the qualitative aspect of the study.  Typically, the process 
of developing a new tool is generally extensive and requires articulation of the various stages, 
building up to the final tool.  The process followed in my study focused on optimizing content 
validity of the Topic Specific PCK construct, particularly as it is new.  The process followed 
traditionally the chronological order from (1) production of test items; (2) judgment of items; (3) 
construction of the instrument; (4) piloting and (5) validation of the instrument (Oosterveld 
&Vorst, 1996).  A separate chapter, Chapter 4, has been dedicated to the discussions on the 
process, as warranted by its complexity.  Following the sections below is the outline on the 
process of adaptation of the achievement and the beliefs tools, being the other tools used in the 
study.  These were adapted from the existing literature: a benefit of the contributions by various 
science education researchers in chemical equilibrium and science beliefs, respectively.  
3.3.2  The adaptation of the SMK performance tool on Chemical Equilibrium topics 
Tools measuring the conceptual understanding and misconceptions on Chemical Equilibrium 
topics abound (e.g. Wheeler & Kass, 1978).  Although the tools were used in different background 
contexts to this study, research studies indicate that widely identified misconceptions in Chemical 
Equilibrium are commonly held across many classrooms.  For this research study, a two-tier 
conceptual test was used.  The test contained test items extracted from Chemical Equilibrium 
Achievement tests by several scholars (e.g. Bilgin, 2006a; Quilez-Pardo & Solaz-Portolez, 1995; 
Tyson, Treagust, & Bucat, 1996), including a national examination paper in physical science for 
Grade 122 (DoE, 2010).  Achievement tests by these researchers are widely referenced and, 
therefore, their credibility was regarded as established.  However, reliability for the data generated 
                                                             
2 Grade 12 is the last and highest grade achievable in the South Africa school system.  
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in this study will be established by using the internal correlation Cronbach Alpha coefficient 
(Haertel, 2006).  The achievement test comprises 10 questions and covers four aspects of 
chemical equilibrium:  
 Mass vs. concentration – inability to differentiate between these concepts 
 Rate vs. extent – how fast the reaction proceeds and how far it goes 
 Misuse of Le Châtelier’s principle 
 Disturbances to chemical equilibrium 
The test yields a score that reflects performance and is obtained when a student has keyed in a 
correct response (in the chemical sense).  Each question has a second stage for uncovering the 
understanding behind each choice of response made.  Modifications made to the test items were 
geared to improving clarity of meaning.  For example, in some cases, diagrams were added and, in 
some, examples provided (see Figure 3.1 below): 
 
Figure 3.1: An example of a modification of the original achievement test questions  
The responses were captured using the traditional pencil and paper method, where participants 
write on the test sheets.  The benefit of such a two-tier test is that, in addition to one answer type 
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of responses, qualitative insight into participants’ reasoning may also be established. The 
Achievement test is attached as Appendix A. 
3.3.3 The adaptation of the Tool on Beliefs 
Similarly, to the achievement tool on Chemical Equilibrium, the literature has a number of 
empirical studies on beliefs of science teachers with various tools.  Two studies with respect to 
teacher beliefs are of particular interest to this study.  These are: (i) the development of a science 
teacher belief tool by Luft and Roehrig (2007) and (ii) the use of the tool with 114 beginning 
science teachers by Luft (2009).  The relevance is based on the similarity of the subject of study 
science and the audience under study, namely, beginning teachers vs. final year pre-service 
teachers in this study.  The teacher belief tool from Luft and Roehrig is based on a qualitative 
research method.  The creators used semi-structured interviews for collecting data, and code maps 
for coding teacher responses. They further report that the tool was reviewed several times to 
ensure elicitation of beliefs that were highly personal, and contained affective and evaluative 
components.  The validity of the tool, as reported by the creators, was tested through several 
interviews with different groups of teachers and by comparing their responses to that of the 
authors’ own questioning process.  The authors report about the credibility of the tool as follows: 
“the language and explanations of the interviewed teachers indicated that they had created a non-
threatening atmosphere in which genuine responses were possible. Our own verbal cues, along 
with the responses from the teachers, give us confidence in the reliability of the responses 
(Fowler, 1993). Finally, the Cronbach alpha coefficient for the internal consistencies survey was 
calculated at 0.70” (Luft & Roehrig, 2007, p. 43). 
Thus, the tool can be regarded as credible and appropriate for use in this study, for the intended 
purpose of measuring beliefs.  However, some modifications were made to the tool in terms of 
format, and for the context of this study.  It was converted into a questionnaire format, where pre-
service teachers expressed their responses in a written form.  This contrasts with the interview 
format used in the original studies.  The reason for the conversion was based on several 
considerations.  Firstly, as a researcher, I have been involved in all aspects of the study, both the 
delivery of the intervention and the collection of data.  The inclusion of an interview as the main 
research strategy for collection of data was avoided as, in the context of the study, pre-service 
teachers were more familiar with my presence and likely to reproduce what they thought I would 
like to hear (Cronk & West, 2002).  A questionnaire format which provides some degree of some 
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privacy was considered more suitable.  A copy of the modified tool is attached as Appendix B.  
Secondly, a questionnaire format on science teaching beliefs would allow, logistically, 
administration of the tool to all the pre-service teachers, alongside the other tools in the study and 
in future research studies.  Most enabling was the realization that Luft and Roehrig had carefully 
developed the coding maps, with such detailed examples that it became possible to categorize the 
teachers using the questionnaire responses.  A scan in the literature reveals other studies that have 
used a questionnaire format to measure beliefs, but using a different tool to the one used here.  
Two such studies reported in developing countries like South Africa, are in Nigeria (Arigbabu & 
Oludipe, 2010) and in Turkey (Hasan, 2011).  The studies in these countries were conducted with 
large numbers of teachers, using the instrument by Enochs & Riggs (1990), which is in a survey 
format.  Thus, the modified format of the teacher belief tool used in this study may be regarded as 
an alternative version to improve on for future needs.  Further modifications made to the tool to 
accommodate the small but likely difference between beginning teachers vs. final year pre-service 
teachers were in the wording of the questions.  The wording of some of the questions was 
modified to reflect the status of the pre-service as different from that of beginning teachers (see 
figure below).   
 
Figure 3.2: An example of the nature of changes to the Belief tool  
 
Another important modification to the tool included the addition of a new question, eliciting the 
perceived meaning of teaching science by pre-service teachers.  The question read as follows: “As 
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a teacher to be soon, what does teaching science mean to you?”  The purpose of the question was 
to determine whether pre-service teachers would make explicit reference to the need for 
transformation (of content) in their responses, as according to Geddis and Wood (1997).  I 
acknowledge the wording of the newly inserted question as ‘non-classical’; it was an attempt to 
access the participants for whom English is a second language.  I therefore recommend rephrasing 
the question in the future. The additional question was analyzed separately from the original test 
items of the tool.  The instrument is attached as Appendix B.   
3.3.4 Piloting Tools 
The process of developing the Topic Specific PCK tool is described separately in the next chapter. 
This section deals with only the piloting of the two adapted tools: the Chemical Equilibrium 
Achievement and Teacher Beliefs questionnaires.  The tools were both piloted on a small group 
(four) of volunteers, who had just graduated from the B Ed class of 2010 as beginning teachers in 
physical science.  Part of the purpose of the pilot was to minimize ambiguities and difficulties in 
understanding the test questions, to establish the time needed to complete the test and to establish 
the range of responses to be anticipated for each question.  For the achievement tool, changes 
were largely related to increasing the provided spaces for writing responses and improving the 
quality of artwork.  Those for the belief tool were also minor.  The duration of the Achievement 
test was found to be about an hour (60 minutes) and that of the belief tool half an hour (30 
minutes).  Both times were regarded as acceptable for the study.  The tools were revised 
accordingly and prepared for data collection. A cover page for each tool was designed with 
questions to solicit the bio-demographics of the respondents, to assist in building up their teacher 
profile. The internal consistencies for both tools were established by measuring the Cronbach 
Alpha coefficient (Haertel, 2006).  The final versions of both the tools used in the study are 
attached in Appendix A and B, as mentioned above   
3.4 Data Collection 
Desimone (2009) warned against automatic biases against certain traditional data collection 
methods. He encouraged placement of emphasis on the quality of their design and administration, 
and on the basis of best practice.  As the study had two phases, the first phase being an 
intervention in a physical science methodology class and the second being at a school where 
lessons by two service teachers from the group were observed, multiple sources for collecting data 
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were used in each phase.  For example: (1) Pencil and paper questionnaires and diagnostic tests 
were administered at the beginning and end of the intervention; (2) written class activities, audio 
recorded discussions among pre-services teachers in class, student portfolio assignments and field 
notes were collected during the intervention; and finally (3) delivered lessons in the school were 
observed with notes written down and recorded visually on video camera.   All the collected data 
were further supported by a reflective journal and researcher notes that I kept during the study to 
provide a rich source from which thick descriptions of both the administration of the tools and the 
intervention have been developed.  Following below are the descriptions on the administration of 
the instruments and the collection of qualitative data. 
3.4.1 The Administration of Pencil and Paper Instruments 
They were run as pre- and post-tests.  For each case, pre-service teachers were provided with one 
copy of the instrument to complete by writing onto the instrument.  They were advised not to 
consult with peers; however, they could ask questions for clarity if necessary.  It was stressed that 
the biographical information on the cover page was important and needed to be supplied. Pencil 
and paper traditional research instruments have over the years retained their simplicity and ease of 
use, as no sophisticated equipment is needed, nor is specialized prior experience required of 
participants.  According to best practice, questionnaires that ask descriptive and behavioural 
questions about the professional development experiences have been shown to have good validity 
and reliability scores (Mayer, 1999).  No questions were asked by the pre-service teachers during 
the administration of the test. I am aware that when questionnaires are administered in a social 
setting such as a classroom, the presence of the researcher has a bias on the behaviour of the 
participants, towards providing pleasing information (Cronk & West, 2002). On the other hand, 
the presence, and specifically the supervision provided by the researcher during the administration 
of traditional instruments, encourages completion of the instrument. To minimize the resulting 
bias, Desimone (2009) encourages the use of multiple data collection methods for triangulation of 
aspects of the same research question, as well as to cross-pollinate the different methods with 
questions, capturing aspects of different research questions.  Again, this is one of the advantages 
of using mixed methods in this study, as it allowed collection of data varied in nature, therefore 
offering the opportunity to triangulate across methods.     
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3.4.2 Student class activities and Portfolio Assignments organized as CoRes 
One of the standard requirements of the methodology course is a major project assignment on 
designing a module and teaching instructions on a major topic in chemistry.   The project 
assignment, among other things, required students to re-organize and sequence the major concepts 
(Big Ideas) of a topic and provide reasoned out teaching strategies and practices.  The requirement 
was fulfilled by framing the assignment onto the intervention with interest on transformation of 
chemical equilibrium concepts.  As additional data for the research question related to measuring 
Topic Specific PCK, pre-service teachers were required to base their major assignment portfolios 
on chemical equilibrium as a topic.  Included in the portfolio was a completed pedagogical plan 
on teaching chemical equilibrium organized using Content Representations (CoRe) as a planning 
tool, a sample of a lesson plan linked to the big ideas identified in the CoRe.  According to 
Nilsson and Loughran (2011, p. 4), a CoRe  
“.. is designed to elicit participant teachers’ knowledge of teaching a particular science 
concept/topic and as such is a methodological tool used for capturing PCK … to make the tacit 
nature of PCK explicit to others”. 
In addition to the major assignment, written class activities and discussed activities were collected 
as hard copies and audio recordings.  As it turned out later in the analysis, the data collected in 
this manner could also be used for evidence of developing SMK understanding (see discussions in 
Chapter 7). 
3.4.3 Observations  
Observation provides a guard against over-reporting (Hintze & Matthews, 2004). Observations 
were the main method of capturing and measuring the quality of PCK in the two pre-service 
teachers who delivered real classroom lessons on chemical equilibrium in a school.  A video 
camera was used to record the practice lessons.  Six lessons on the chemical equilibrium topic 
were observed and recorded for each of the two pre-service teachers.  Each lesson was 
accompanied by pre- and post-lesson interviews to enquire and confirm interpretations of 
observations.  Hardcopies of lesson plans, class activities and notes made by pre-service teachers 
during their lessons were also collected.  Using video has the benefit of offering rich data that 
capture the complexity of interactions (Stigler, Gallimore, & Hiebert, 2000). Furthermore, 
captured interactions may be re-played several times for analysis. There are, however, many 
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challenges to address.  These include aspects of privacy and confidentiality issues, and 
determining what aspects of teaching should be analyzed.  I have addressed the above mentioned  
aspects through observing ethics considerations, described in the ethics section below, and 
applying a consistent guide in choosing which lesson to analyze.  Because the above-described 
methods of collecting data were exhaustive, they provided a rich pool of data from the 
quantitative and qualitative respective research methods of the study.  This enabled triangulation, 
therefore minimizing the weaknesses of each method or any bias associated with a monolithic 
method.   
3.5  Sampling and Treatment 
3.5.1 Sampling 
As alluded to above in the description of research strategy as a case study, the study was located 
in a curriculum methodology course of a class of fourth year pre-service teachers.  These are pre-
service teachers in their final year of study towards a teacher qualification - B Ed degree, with 
Physical Science as their major teaching subject.  They were chosen because, as final year 
students, they have an improved understanding and perception about teaching as a career.  Also, 
in the last year of study of a 4 year degree programme, students are expected to have a reasonable 
level of maturity enabling them to reflect and hold discussions on pedagogical aspects of SMK. 
Also at the fourth year level they have been exposed, at least once, to most major topics in 
chemistry during their early years of study.  Furthermore, the methodology class is inherently 
concerned with the teaching methodologies of science content, and therefore most suitable for the 
explicit discussions on transformation of SMK as required by my study.  A large proportion of the 
B Ed students in this class, as shown in the table below, are from the disadvantaged communities 
(in terms of the South African socio-economic context) particularly the deeper rural communities 
of the Limpopo, KwaZulu Natal and Mpumalanga provinces ( see inserted Map Figure 3.3).  It is 
also of interest to note that four of the B Ed students, ZS, TSM, MM and PPM completed their 
matriculation3 about 3-6 years earlier than the rest of the class members.  It was established 
independently that none of them was teaching in the period between their matriculation and the 
first year of registration.   
 
                                                             
3 Matriculation refers to Grade 12, the final and highest grade achievable in the South African school system. 
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Table 3.1: Bio demographical information of pre-service teachers in the study  
*Pre-
service 
Teacher 
Age Year of 
Matriculation 
Place of 
Matriculation 
(Province) 
First Year 
Registration 
Current study 
BS 21 2007 Limpopo 2008 4th year B Ed 
LLM 22 2007 Limpopo 2008 4th year B Ed 
ZS 24 2004 Gauteng 2007 4th year B Ed 
TSM 28 2004 Gauteng 2007 4th year B Ed 
MM 29 2002 Limpopo 2008 4th year B Ed 
KM 23 2007 Limpopo 2008 4th year B Ed 
MC 20 2007 KwaZulu-Natal 2008 4th year B Ed 
NG 22 2007 KwaZulu-Natal 2008 4th year B Ed 
PMT 23 2007 Limpopo 2008 4th year B Ed 
JS 22 2007 Gauteng 2008 4th year B Ed 
KGS 21 2007 North West 2008 4th  year B Ed 
PM 24 2007 Limpopo 2008 4th Year B Ed 
SM 22 2007 Gauteng 2008 4th Year B Ed 
**TM 22 2007 Gauteng 2007 4th Year B Ed 
PPM 28 2001 Mpumalanga 2008 4th Year B Ed 
JDL 29 2000 Gauteng 2011 PGCE, have BSc  
BM 24 2004 Gauteng 2011 PGCE have BSc  
  *Note:  All pre-service teachers and PGCE had no formal previous teaching experience. 
** TM joined class after pre-tests were conducted, hence was not included in quantitative analysis. 
The communities from which most of the pre-service teachers come, as indicated by ‘Place of 
Matriculation’ in the Table above, are commonly associated with poor education and likely to 
have very few science teachers with a degree qualification (SAIRR, 2012).  
 
Figure 3.3:  Map of South Africa showing the location of Provinces relative to Johannesburg. 
Most of the pre-service teachers hold a national bursary with the National Department of 
Education called Funza Lushaka.  The general understanding is that the National Department 
would place these final year students as qualified science teachers back in their communities on 
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graduation. Within this context, and in the absence of nationally co-ordinated induction 
programmes for beginning teachers, the development of PCK in pre-service as discussed in the 
rationale in Chapter 1 is even more urgent.  Added to the class of 4th year physical science pre-
service teachers, were two (2) PGCE students.  Combined with 15 B Ed pre-service teachers the 
total was 17.  The entire class constituted the sample of the study and the unit of analysis was the 
participants.  The small size of the sample was not ideal; it was a practical limitation of the study.  
One of the pre-service teachers registered for the class after all the pre-tests of the study had been 
conducted.  For statistical analysis, pairs of pre and post- data were preferred and the total sample 
size was then regarded as 16, excluding the late registration.  
A month after the completion of the intervention, two pre-service teachers had an opportunity to 
deliver lessons on chemical equilibrium in their school experience period.  Their lessons were 
based on the CoRes which they developed as part of the major assignment.  The pre-service 
teachers were assigned to a school called 4Residence High School, where they taught chemical 
equilibrium to Grade 12 learners. The school had voluntarily agreed to allow access to the Grade 
12 classes for lessons by pre-service teachers on the specific topic of chemical equilibrium. Grade 
12 is the final year in the South African academic school system. Learners in this grade write a 
standardized national examination set externally for the schools by the National Department of 
Education. Schools are normally reluctant to open the grade to pre-service teachers for school 
experience because of the pressures associated with preparations for the national examination.  
Thus the opportunity by the two pre-services was both limited and precious.  Residence High 
School falls under the category of schools termed “ex-model C” schools. These are schools which 
in the past apartheid era were available only to the white communities.  They are known in the 
black community for their superior facilities and associated with a high quality of education.  
However what is interesting about Residence High School is its turnabout from a history of being 
a state school that catered for white female learners to its present state (see the biography of the 
school in Appendix C).  The school has changed to a co-educational suburban school and is 
largely populated by learners from the inner city black communities.  However, the school is 
reasonably equipped infrastructurally as all physical science lessons, for the Grade 12 learners, 
were conducted in equipped science laboratories.   
                                                             
4 Fictitious name assigned to the school 
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3.5.2 The Treatment 
The treatment consisted of an intervention where the idea of transformation of SMK was 
introduced.  The focus of the intervention was placed on the explicit discussion of the knowledge 
components that enable transformation of SMK.   As discussed in the literature review, these have 
been identified as a collective set of five knowledge components, namely, (1) Students’ Prior 
Knowledge, (2) Curricular Saliency, (3) What is difficult to teach, (4) Representations including 
powerful analogies and (5) conceptual teaching strategies. These knowledge components were 
discussed in the given sequence with examples and activities.  In light of the need to provide thick 
descriptions of the intervention, a separate chapter, chapter 5, has been dedicated to describing the 
details of the treatment in the intervention.  A full version of the programme is included in 
Appendix D  
3.6  Summary of the Sequence of Data Collection 
The figure 3.4 below presents the summary of the process followed in collecting data.                                                      
 
Figure 3.4:  A summary of the sequence in data collection reflecting points for triangulation 
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In this study, the collection of data through the quantitative and the qualitative components of the 
research method was run simultaneously and in parallel, as shown in Figure 3.3 above. Points of 
triangulation of data across the different methods emerged naturally before and after the 
intervention.  The data collected after the intervention could also be triangulated with those 
collected through observations from the school experience.  The collection of data in the described 
manner allowed, firstly, for the application of analysis rules for each method separately as well as 
for the integration of the findings from each method. 
3.7  Analysis  
Data from each of the methods was analyzed with special care to apply appropriate analysis 
methods for the nature of the construct measured, as will be seen in the case of analysis of beliefs.  
This was specifically important for the quantitative data.  The analysis of each set of data is 
discussed separately for each research question below: 
3.7.1 Analysis of the Topic Specific PCK data 
For the quantitative aspects of the measured construct, the responses from the pre and post-tests 
were first scored, respectively, using a rubric.  The rubric was developed to have four different 
categories that reflect the degree to which a response engages with the test question (more details 
provided in Chapter 6 with examples).  The qualitative descriptions written as part of answering 
the test questions were used as additional data to confirm the score for each test question.  The 
rubric scores were peer validated by two independent, experienced raters working in the science 
education field with research interest in PCK.  Prior to scoring, the raters were re-familiarized 
with the tool and the rubric.  I explained the rules I followed in marking and scoring the 
responses, independently.  The raters were part of the reference team and familiar with the tool.   
The rules for scoring were: (1) Each question is to be scored singly by assigning a score 
corresponding to the category in the rubric where most criteria are met; (2)  A question with no 
response is to be assigned the lowest score; and  (3) a question with responses falling across two 
categories that are close to each other, is to be scored by checking the gate keeping criteria which 
are shown in yellow shading for each category.  The shaded criteria for each category were agreed 
to in consultation with the reference team used in this study.  The two raters were given unmarked 
copies of the completed tools for independent marking and scoring according to the rules.   The 
extent of agreement between the raters and my scores was expressed as a percentage over total 
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questions per completed questionnaire and the mean calculated across all 16 completed 
questionnaires.  A mean of 85% was obtained as an agreement between raters for Topic Specific 
PCK scores.  The two raters and I debated the differing scores.  One of the two independent raters 
was assigned an overseer role to make a final decision over differing scores, if consensus was not 
reached.  A score would be retained or changed, depending on convincing rationale. The 
generated scores were then analyzed, using two sets of statistics models.   First, the Rasch 
statistical model was used to confirm the assumptions made in the construction of the tool - 
whether they hold for the sample in this study, and therefore the validity of the tool.  Next, the 
data normalized in Rasch was analysed for significance differences between the pre- and post-test 
responses, using the Wilcoxon paired signed rank test for non-parametric data.  Thick descriptions 
of the functionality of the Rasch statistical model are provided in the analysis chapters, Chapter 6-
8, but an overview is also provided herein.  
The Rasch statistical model entails transforming the raw scores obtained from the rubric as ordinal 
data, into statistical measures that are located on a linear scale with equal intervals (Bond & Fox, 
2001). This conversion has been referred to above as ‘normalized in Rasch’.  Such a scale allows 
for determination of an empirical hierarchy with respect to the person’s ability of responding and 
the hierarchy for item difficulty.  The model is built on the idea that the recorded performances 
are reflections of a single underlying construct, which is made explicit by relationship of items to 
the human ability in the sample measured (Bond & Fox, 2001).  The data matrix that relates the 
items and the persons together in a coherent, integrated way is more likely to represent (i.e. fit) the 
construct under examination satisfactorily (Bond & Fox, 2001, p. 26).  Item difficulty and person 
ability measures that fall within the statistic range of -2 to +2 are considered a good match, 
coherent and conventionally acceptable. It is an indication that the items and the person measures 
coherently work together to measure a single construct, and therefore constitutes a valid measure.  
The Wilcoxon paired signed rank test, using Statistical Package for the Social Sciences, is an 
alternative to a paired-samples t-test.  The test is more appropriate for non-parametric data such as 
in the study, because of the limited number of the participants.   
For the qualitative aspect of collecting data for evaluating Topic Specific PCK, data was collected 
as the intervention unfolded session by session.  Pre-service teachers were organized into four 
groups of four, which were kept permanent during the entire intervention (Bilgin, 2006b). The 
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reason behind this organizational strategy was for ease of following each group closely session by 
session.  Qualitative data was collected using various strategies.  For example, the work emerging 
from doing activities in class was captured using mainly audio recordings of the conversations of 
each group and capturing written work such as drawn representations as photographs using a 
digital camera.   The recorded conversation and the corresponding written work provided rich 
insight into how understanding was evolving in each group. Towards the end of the intervention, 
pre-service teachers were requested to produce an assignment that entailed among other things 
developing individual CoRes representing the planning and reasoning for the teaching of 
Chemical Equilibrium as a topic.   The format of the CoRe used was modified to reflect explicitly 
the five knowledge components of Topic Specific PCK as prompts.  A further reason for using the 
CoRe strategically towards the end of the intervention was its advantage of placing various 
considerations made about teaching a topic on a single platform, where descriptions from prompts 
may be read and analysed for consistency and depth.    In addition to the above, the pencil and 
paper Topic Specific Tool used as pre and post-tests provided opportunities for elaborated 
explanations for each test items.  These provided further evidence into the answers provided.  
For Mixed Methods:  While the collection of data for each of the strand was planned to happen 
independently of each other, there were strategic points in the analysis where data from the one 
strand was infused and converted into the other strand.  The first point happened in the collection 
and analysis of the responses captured in the pencil and paper instruments.  For example, the data 
captured in the Topic Specific PCK instrument is descriptive in nature.  The instrument has semi 
closed questions with prompts for provision of explanations of choices made.  Some of the 
questions are originally open type questions. The process of analysis required matching of the 
descriptive responses to a criterion based rubric with five categories that have numeric values.  
Responses were assigned numerical values corresponding to the criteria the match most.  These 
numerical values were treated as ordinal data and captured using the Rasch statistical model, 
where they are transformed to interval data and analyzed mathematically for person ability and 
test item difficulty probability measures. 
The second point is illustrated when data is analysed looking for shifts in the quality of Topic 
Specific PCK as a result of the intervention.  XY line graphs superimposing the scores from the 
responses of the pre and post-tests were plotted for each of the five components contained in the 
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instrument.  The graphs provided a visual display of those components where positive shifts 
occurred in understanding.  The specific case, for example Curricular Saliency, was highlighted 
for the scrutiny of the qualitative data collected during the intervention at a specific session where 
the component was explicitly discussed.  Qualitative data in the form of photographs of written 
work and recorded audio of group discussions supported the ‘visual’ display of growth in this 
component seen from the quantitative data.  
In comparing the pre and post-tests, the findings from the quantitative analysis looking for 
significant difference are compared to the findings from the qualitative data. 
3.7.2 Analysis of the Achievement data 
The responses in the Achievement tool were scored using a rubric of correct answers to the test 
questions.  The marks calculated from marking the completed tool were also peer rated by two 
independent raters.  The raters’ agreement was, as with the PCK scores, calculated by quantifying 
the number of questions where there is agreement across the two independent raters with my 
scores.  This was calculated at 90%.   Disagreement was noted in one of the 10 questions, question 
3, where raters scored the question differently for almost all the completed tests.  Following 
discussion, it was agreed by consensus to omit question 3 in the tool because of noted ambiguity 
in one of the options offered as answer choices.  The correction is reflected on the tool in 
Appendix A.  As the first line of analysis, the raw ordinal scores were first subjected to a Sign 
test.  It is also a non-parametric test that is used when dependent samples are ordered in nature 
(Statistics Solutions).  The sign test converts the variable scores into (+) plus or (-) minus signs 
and tests whether the signs differ from each other.  The test is used to test whether the means of 
the two tests are different or equal. The sign test is considered a weaker test, because it tests the 
pair value below or above the median.  Similar to other tests for significance difference, the sign 
test interprets the p value of the sign test as different if it is less than the desired value, then the 
two dependent sample means will be different. If the p value of the sign test is more than the 
desired significant level, then the two sample means will be considered the same. The Wilcoxon 
paired signed ranked test is non-parametric in nature, used for two depended samples that are 
matched.  The test calculates for significance difference by using the difference between the data 
measures, rendering it more powerful than the sign test.  Both these tests may be conducted on 
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ordinal data as in the case of this Achievement test.  In this analysis the findings from these tests 
are also used to reflect the level of reliability of the analysis. 
3.7.3 Analysis of the Belief data 
The tool on beliefs used in my study has been cited in a few studies (e.g. Addy & Blanchard, 
2010; Heath, Perlmutter, & Davis, 2010) other than those involving the creators, where its 
analysis in these studies largely followed that by the authors.  None of the cited studies have 
provided information whether the seven test items in the tool are ranked and whether they 
collectively work together to measure a single dimension – beliefs.  Such information would 
describe the validity of the tool by statistical means.  It must be noted that reliability of the tool 
has been established, and its credibility unchallenged in all the studies above; hence I chose it for 
this study.  However, the establishment of its validity in the manner described above is important 
in the context of this study given the modifications made that include its conversion into a 
questionnaire format.  The coding maps as provided by the authors (Luft & Roehrig, 2007) were 
used to code the written responses from the questionnaires.  The coding from two independent 
raters was compared to mine and a mean of 88% agreement was obtained in aggregating those 
obtained from all the participants.   This was another illustration of the conversion of data from 
the one strand into the other strand for analysis. The scores were first subjected to the Rasch 
statistical analysis in a similar manner to the process followed for the analysis of PCK above.   
However, the first attempt analysis of belief scores to the Rasch statistical model proved not 
appropriate as the items of the test were found to have the same level of difficulty, therefore 
clustered in a single location across the latent.   The raw scores were then used as ordinal data to 
calculate significance difference using the tests as described for the Achievement test.  
Furthermore, the raw scores were used to prepare pre and post belief teacher profiles.   Teacher 
profiles were prepared by converting the raw scores to category frequency scores for each person. 
The conversion was done by placing all similar numerical score values in the corresponding 
category on the Belief Map. Each value was represented by an asterisk (*) in the appropriate 
category.  When the belief scores are presented as a frequency of choices across the different 
belief categories on the Belief Maps, patterns reflecting shifts in beliefs emerge. The interpretation 
of the shifts was based on a similar methodological strategy as the creators of the tool (discuss in 
detail in Chapter 8).  However, in short the process entails the transformation of quantitative data 
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into category frequencies where shifts are measured through descriptive means rather than 
statistical numerical values.  This is another illustration where data is converted from one strand 
(quantitative) into the other strand (qualitative).   
 
The findings of this qualitative measure of shifts in beliefs were triangulated with those obtained 
through the quantitative statistical means. Finally, the analysis of the responses othe newly 
inserted question in the belief tool (Section 3. 3. 3 above) was carried out through qualitative 
strategies. 
3.8 Validity and Trustworthiness 
As a mixed method study, the establishment of the quality of the study relies on methods of 
assessing credibility in both quantitative and qualitative research methods (Teddlie & Tashakkori, 
2009).  The following sections discuss attempts for building checks of quality into both the 
components throughout the planning, data collection, intervention, and analysis.  
3.8.1  For the Qualitative Research Component 
The idea of measuring ‘trustworthiness’ as an indicator of quality in qualitative research studies 
was introduced by Lincoln & Guba (1985) being an alternative to the concept of validity as 
understood in quantitative studies.  Trustworthiness refers to the extent to which the reader can 
trust the findings, interpretations and claims as being “worth paying attention to, worth taking 
account of” (p 290).  Mishler (1990) goes even further, and links worthiness to the value that 
subsequent researchers will attach to the findings and claim to use as a basis for their own 
research.  In order to establish such trust and creation of value to the findings, other researchers 
have suggested the need for an ‘audit trail’ in qualitative research.  An ‘audit trail’ would 
constitute evidence of documents produced as part of a process and descriptions of decisions 
made during the analysis, to demonstrate how the researcher moved from data to the final  
findings and conclusions (Miles & Huberman, 1994).  I have attempted to provide detailed 
descriptions of all the stages and the procedures followed in this study.  Starting with the 
preparation of the research instruments used in this study.  I have provided a separate chapter 
dedicated for the descriptions of the process followed in developing a new tool.  Samples of the 
different versions of the tool as it evolved from a mere list of PCK questions to a final version 
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have been made available as appendices.  The latter include written recordings of the comments 
and suggestions made by the reference team of experts.  A similar effort has been made in 
describing in thick detail the treatment given to pre-service teachers over a period of six weeks.  
Samples of work done in class discussion by groups during the intervention have been added in 
the descriptions of each session.  For each of the research questions investigated, raw scores 
generated by scoring responses using rubrics have been provided as well as sample sets of 
corresponding marked scripts.  For example, a reader can decide to examine the trail followed for 
the development of the Topic Specific Tool including studying of the comments received from the 
reference team of experts about the tool in development.  Also, a reader may decide to follow the 
scoring of a set of pre and post responses using a rubric into a table of raw scores, Rasch measures 
and finally the analysis for significance difference.  Triangulation of data across the different 
research methods has been implemented at different stages of the study, as shown in Figure 3.4 
above.  This enabled comparison of findings on the same aspect through different sources and 
means, and therefore serving as a measure of the quality of reliability of the study. 
3.8.2  For the Quantitative Research Component 
Traditional methods of establishing validity and reliability in quantitative methods were observed. 
According to Onwuegbuzie (2003), internal validity in quantitative research studies may be 
established by controlling particular threats that might supply alternative explanations for studied 
outcomes.  Such threats were minimized, for example, in the case of the research tools used, by 
establishing content reliability of the instruments through consultation with subject experts.  
Further internal validity established through measurement of ‘fit statistics’ for ranked-item tests, 
such as the Topic Specific PCK tool. The measurement of internal consistency, reflecting 
reliability, was established as measured by the Cronbach’s alpha coefficient test in a case of 
continuous tests such as the Achievement and the Beliefs tools and through item and person 
reliability coefficients for the ranked-item test of the Topic Specific PCK tool. While the study 
may have been limited by virtue of the nature of the case study approach and the limited number 
of participants, the inclusion of the entire class as a sample nonetheless eliminated challenges 
associated with statistical regression and implementation bias, associated with selective sampling.  
Threats related to researcher and reactive biases by participants were minimized by use of 
independent raters in the validation of the scoring of the instruments, and the random presence of 
the senior lecturer in the intervention sessions.  External validity, on the other hand, reflects the 
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degree to which study results could be generalized to different places or persons. The study is 
however, limited in establishing this kind of validity, due to the small number of the sample size.   
3.8.3  Reflexivity  
According to (Ryan & Weisner, 1997), the extent to which a researcher is conscious of her own 
prejudices and biases in extracting meaning from the data collected during the research process, is 
known as reflexivity.  At the beginning of this thesis, Chapter 1, I have provided a description of 
my positionality in which I have approached the study.  I have tried to be aware of my position 
during the data collection and kept a journal which shows my thoughts and interpretations of the 
data.  I valued the views of other professionals, such as the lecturer of the class and my supervisor 
who was present at random times during the intervention and collection of data.  I also appreciated 
the comments of the raters as they pointed out areas of difference during the coding of the 
responses from the different tools.  I have made an effort to provide thick descriptions of the 
interventions, was kept to a minimum in the analysis and, where relevant, explained my thinking 
to the reader. 
3.9 Ethical issues 
The study was based on the principle of voluntary participation.  This protects people from being 
coerced into participating in research.  It is especially relevant in this study, as the sample is a 
'captive audience' in the specified academic programme.  Working in close association with the 
principle of voluntary participation is the requirement of informed consent.  In my study, prior to 
starting my data collection, I had to satisfy the University’s Human Ethics Research Committee 
(Non-Medical) that I had done everything possible to ensure proper informed consent, anonymity 
and confidentiality for the participants.  An information session with the prospective research 
participants, the fourth year Physical Science class of 2011, was conducted to fully inform them 
about the procedures, expectations and intentions of the study.  Ethical standards also require that 
researchers avoided putting participants in a situation where they might be at risk of harm  (either 
physical or psychological) as a result of their participation.  The study contained no potential of 
physical harm to the participants, as they remained in class as per normal. For the psychological 
component, the principle of confidentiality was applied in order to help protect the privacy of 
research participants.  Pseudonyms were assigned to protect identities, and the cover page of the 
completed research instruments, containing bio-information of the participants, was stored 
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separately from the completed scripts, as these were to be exposed to different people, such as the 
raters.  The lecturer directly involved with the class was also consulted, as was the programme co-
ordinator who oversees the programme within the division of science and technology, the head of 
school of education and the pre-service teachers in the programme. I provided the above 
mentioned custodians of the programme and the research participants with information sheets on 
the proposed study, as well as consent forms (see Appendix E).  I did not consider it necessary to 
obtain informed consent from the pre-service teachers’ parents as they were all over 18 years of 
age. The study also indirectly involved learners in schools, who received lessons as part of 
practice teaching by a selection of pre-service teachers in the study.  I approached two schools that 
were due to receive four of our pre-service teachers for school experience.  I made a request to 
access the Grade 12 classes and record images and audio of lessons conducted by the pre-service 
teachers assigned to the school. Only one school was agreeable, Residence High School 
(pseudonym).  Information packs containing description of the project and consent forms for the 
principal, the teachers of the concerned classes, the learners and the parents were provided. 
There was a relatively high level of return of informed consent from the various participants of the 
study.  The parent and the learner consent forms came in batches, but overall 80% of the consent 
forms were received before the start of the lessons.  The principal of the school gave overall 
consent to continue, even with the outstanding forms.  The consent forms were provided only in 
English. I considered this appropriate as the school used English as their language of learning and 
teaching, and was in an urban area.   
At the heart of this research is the recognition that education research with human subjects must 
benefit those who are involved in the study and that researchers have a responsibility to those who 
agree to be involved (Tobin, 2006). Although all pre-service teachers were informed, orally and in 
writing, that they were entitled to review  the  transcripts  of  the  recorded lessons, I  did  not  
actually  follow up this offer.  Only two pre-service teachers who conducted lessons during school 
experience asked for copies of the videos of their lessons.  This  was  partly  due  to  the  fact  that  
the  analysis of data , specifically info from the videos, happened towards the period of the year, 
when pre-service teachers were preparing for their final examination  and other final submissions.  
I recognize that the fact, that the students were not given the opportunity to view and review their 
own discussion transcripts, could be a limitation in my study. Adler and  Lerman (2003) stress 
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that research, particularly in developing country contexts, has a multiplicity of responsibilities  to,  
and  ownership  by,  the  participants,  the researcher and his or her community, and the public. 
My study attempted to address these issues.  I believe that the pre-service teachers who 
participated in the study benefited in many ways from the study.  I believe the exposure to 
knowledge about the transformation of subject matter knowledge has made them aware and 
conscious of reasoning through their teaching.  Exposure to PCK at the early stage of their career 
development provided an advantage rarely found in beginning teachers. Although  my  research  
did  not  directly  benefit  the  learners in the school who  participated,  I consider that it will 
benefit future generations of students as teacher preparation programmes improve their offering, 
informed by the findings of the study.  Other  indirect  beneficiaries  are  teacher preparation 
programmes for pre-service teachers both in South Africa and internationally, as I  have  already  
presented  interim findings  to  conferences,  and  intend  to  continue  this.  The principal 
beneficiary of the research is the University of the Witwatersrand, South Africa, who offers 
teacher preparation programmes, and who will be the custodian of this thesis.  Other beneficiaries 
will be the science education community at large, through digitization of the thesis and accessible 
through the e-library system.  
3.10 Reflection  
My research methods were designed to capture: (1) students’ prior knowledge, (2) their 
knowledge as it develops during the treatment, (3) their knowledge again on completion of the 
treatment and lastly (4) their lessons in real school settings.  While I have taken care to minimize 
my biases as discussed in the study, I recognize that I was emotionally excited about the study, 
and to observe the signals of improvement by the pre-service teachers during the treatment 
sessions, with its potential impact on the South African context.  These emotions may tint my 
views and certain aspects of the analysis.  I also acknowledge that the data collected during school 
practice is less than the planned number of different pre-service teachers; I recognize this, in 
addition to the limiting total sample size, as one of the practical limitations of the study.    
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CHAPTER 4 
4.  DEVELOPING A QUANTITATIVE TOPIC SPECIFIC PCK TOOL  
“the concern of everyone involved in testing or measuring human abilities …is we need a clearly 
articulated theory or conception of what it is we are setting out to measure, and, of course, why 
we are bothering to measure it” (Bond & Fox, 2001, p. x).  In Chapter 2, I introduced the idea of 
Topic Specific PCK and argued for its development in pre-service teachers.  In the absence of a 
suitable tool in the literature to measure its presence and, therefore, changes in its quality, the 
need gave rise to a research question about a valid tool for this study.  In this chapter, the 
conception of Topic Specific PCK is recalled, to highlight the assumptions in its conceptualization 
and to distinguish it from the discussions of other versions of PCK.  This discussion is linked to an 
argument built for validating the idea as a theoretical construct. The assumptions made about the 
tool to measure the construct are then tested and proven statistically.  Finally, the validity and 
reliability of the tool, based on the findings, is discussed.   
4.1  Introducing the Topic Specific PCK Tool 
In the literature review, Chapter 2, I presented the idea of Topic Specific PCK and have shown its 
conceptualization from the foundational5 literature on PCK.  I have also indicated its emphasis on 
transformation of SMK and, therefore, the need for a theoretical framework that refers to the 
broader PCK, the importance of SMK and its transformation. I have also alluded to the realization 
that the measurement for the quality of Topic Specific PCK needs to reflect the emergence of the 
construct on an epistemology that shows prominence of transformation of SMK.  The latter is 
seen as emerging from the reasoning of content through five knowledge components, recalled as 
(1) students’ prior knowledge, (2) curricular saliency, (3) What is difficult to teach, (4) 
representations including analogies and (5) conceptual teaching strategies.  Furthermore, the tool 
needs to be able to measure the construct quantitatively.  Thus, the specification of a tool that is 
sensitive only to Topic Specific PCK has been set.  While it is best practice to use existing 
research tools for the evaluation of a widely researched topic such as PCK, the literature largely 
                                                             
5 Refers to literature introducing and establishing the nature of PCK 
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contains tools that are based on different aspects, all interpreted differently, to refer to PCK.  An 
example of what I mean is the tool used in a study to assess PCK for inquiry science instruction in 
pre-service teachers (Schuster, Cobern, Applegate, Schwartz, Vellom, Undreiu,(2007) where 
emphasis is placed on knowledge of inquiry and a probe is used.  Another study using a tool with 
a different aspect is that by Lee et al. (2007), also involving science teachers, where emphasis was 
placed on evidence of two of Shulman’s teacher knowledge domains, namely, student learning 
and instructional strategies.  The reason  for this observation of different emphasis in PCK tools is 
partly the lack of agreement in the science education community that still exists over what exactly 
is being assessed (Mavhunga & Rollnick, 2012).  Thus, my focus was on those PCK tools, 
referring to Topic Specific PCK. An example of such a tool is that for mathematics by Krauss, 
Jurgen, & Blum (2008), with PCK categories for only subject matter knowledge, learner 
difficulties and pedagogical content.  The instrument has made a noticeable effort to address some 
of the five knowledge components related to Topic Specific PCK in my study, although it was 
found inappropriate for this study, as it is for mathematics education and in German.  Another 
widely used instrument is the CoRe and PaP-eR devised by Loughran, Berry, & Mulhall (2004).  
It is used to record teachers’ PCK and making it explicit. A CoRe provides a framework for 
tabulating the major SMK concepts of a topic referred to as ‘big ideas’.  Big Ideas are planned for 
and taught against prompts such as: intended learning about each big idea; the importance of 
learning the listed intentions; knowledge related to the Big Idea that the teacher holds back; 
possible difficulties with each Big Idea; related teaching strategies and assessment of intended 
learning.  A PaP-eR provides a narrative account for each big idea in a CoRe, in the teacher’s 
voice. The PaP-eR highlights the teacher’s SMK, reflecting how teaching is intended, including 
reflections on delivered lessons.  The valuable contribution that the CoRe and PaP-eR instrument 
has made in opening an avenue for eliciting PCK among the education research community is 
acknowledged.  In addition to organizing the SMK for a given topic, the CoRe and PaP-eR have 
evidence of considerations of those knowledge types that have a transformative effect on the 
SMK, such as curriculum saliency and consideration of commonly known difficulties for teaching 
a topic.  However, these knowledge types exclude some of the components of Topic Specific 
PCK, specifically, misconceptions and use of representations all considered as needed for 
transformation of SMK in this study.  I therefore acknowledged its potential for use, with 
modifications, in the qualitative aspect of my research design – like in class activities and in 
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organizing the reasoning of a topic for teaching in the class assignment (Bertram & Loughran, 
2011). However, I still needed a tool that could measure the quality of Topic Specific PCK 
quantitatively with reference to SMK transformation through the five knowledge components.  
None of the types of tools described above, including the CoRe and the PaP-eR, make 
measurements on this basis.  In the last 3  years, however, there has been a steady growth of PCK 
tools that measures the quality of PCK in specific subjects, e.g. Park, Jang, Chen, and Jung (2011) 
in science as a school subject and (Rohaan, Taconis, & Jochems, 2009) in Technology Education.  
More recently tools in specific science domains: Jüttner & Neuhaus (2012) in Biology, Tepner 
and Witner (2011) in chemistry and Riese and Reinhold (2009b) in Physics, have been developed. 
These instruments, in their epistemological descriptions have referred to models of PCK 
(Magnusson et al., 1999), addressing science as a school subject (Deng, 2007), and therefore may 
be used in application to different subject-domains (chemistry, physics, biology, etc.) within the 
science subject.  While some of the models, such as that by Park et al. (2011), have addressed all 
the teacher knowledge components of PCK in the Magnusson’s model and some addressed only 
selective components, such as that by Tepner and Witner (2011), they remain unsuitable for the 
purpose of this study, which is to measure PCK of chemistry at a topic level.  Here, issues of 
SMK transformation, as illustrated by the theoretical framework in Chapter 3, are important.  
Thus, a decision to develop a new tool for measuring Topic Specific PCK (in Chemical 
Equilibrium) was made, as conceptualized in Chapter 2.  Following below is a discussion of how 
the idea of Topic Specific PCK has been translated into a tool for chemical equilibrium as a topic.  
A few considerations were made explicit prior to the development process.  Like Carlson(1990), it 
is my view that clarity on the aim of the study is important in order to determine the appropriate 
level of the tool.  For this study, it was important that the tool measures a single construct, topic 
specific PCK, without interference from subject or even discipline specific PCK, as explained in 
Chapter 2.  As mentioned in Chapter 2, this realization brings to the fore how PCK as a theoretical 
construct remains elusive (Kind, 2009b). While the realization for a tool that measures a single 
construct may be viewed as given, the importance emerges in the selection and crafting of test 
items for the tool.  PCK test items have been crafted differently by different scholars in the 
literature.  For example, Carlson (1990) defined PCK items as those showing the application of 
pedagogical knowledge (PK) to specific content areas (SMK).  Kromrey and Renfrow (1991) 
expanded on the view and defined PCK items as specific pedagogical knowledge (SPK) applied to 
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specific content areas (SMK).  Both views are based on Shulman’s idea of PCK being at the 
interface of subject matter knowledge and pedagogical knowledge (Shulman, 1986).  I regard the 
PCK described above as generic and broad.  For this study, the ability to answer Topic Specific 
PCK test items requires the understanding of the content of a specific topic and the reasoning 
through the five knowledge components mentioned above to enable transformation.  Implied in all 
views of PCK, including the one for this study , however, is that the questioned person should 
have enough content knowledge of the specific topic in order to recognize the correct application 
or reason through the knowledge components associated with PCK. The direct relationship 
between SMK and PCK for practicing teachers, supporting the above implication, has been 
confirmed earlier in separate studies by Rollnick et al. (2008) in chemistry and more recently by 
Borowski, Kirschner, and Fischer (2011) in physics.  Both these studies attest to SMK being the 
pre-requisite for PCK development.  
 
The development process followed largely the ‘rational method’ of constructing a test  
(Oosterveld & Vorst, 1996).  This method is classified as ‘intuitive’ and focuses on optimizing 
content validity.  In this method, empirical data, judgments of experts are of particular importance 
for the specification and construction of items (Rohaan et al., 2009).  Similar to Rohaan et al. 
(2009), the process followed chronologically from  
(i) production of test items 
(ii) judgment of items 
(iii) construction of the instrument  
(iv) piloting and 
(v) validation of the instrument.  
4.2 Method of Development  
PCK is difficult to measure directly, because teachers plan their lessons, teach and assist their 
learners to understand without saying ‘I am using my PCK’ (Kind, 2009b, p. 3). PCK is tacit and 
teachers are not always able to verbalize their thoughts and beliefs or they may refrain from 
expressing unpopular ideas. Furthermore, PCK is defined to be constituted by a combination of 
what a teacher knows, what a teacher does, and the reasons for a teacher’s actions (Rohaan et al., 
2009).  No one action may sufficiently describe PCK.  As there is still no agreement on a unifying 
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description of what PCK is, there is a debate about the judgment of teachers’ PCK as to what the 
standards for good (i.e. high-quality) PCK actually are (Baxter & Lederman, 1999). In addition, 
most common PCK methodologies are time and labour intensive, complicated and difficult to 
replicate. The challenge in developing a tool for Topic Specific PCK in this study has been to 
construct an instrument that measures PCK in a time- and labour-efficient way, and possibly may 
be used to investigate larger sample sizes in the future. 
4.2.1 Production of Topic Specific PCK Test Items 
The production of Topic Specific PCK test items was challenging, as it required the understanding 
of chemical equilibrium content knowledge reasoned pedagogically through the five knowledge 
components of Topic Specific PCK.  It confirmed the experience of Kromrey and Renfrow (1991) 
who reported that constructing PCK items requires more planning, writing and editing than 
constructing items on content knowledge, offering the explanation that PCK items demand meta-
cognitive expertise of the teaching process.   The process began by identifying specific main 
concepts (also referred to as big ideas) in chemical equilibrium.  These were: closed and open 
systems, dynamic nature of chemical equilibrium, extent of reaction, equilibrium constant and 
disturbance of chemical equilibrium.  Research studies suggest the above big ideas are commonly 
perceived to be difficult, yet they are crucial, as they constitute the foundational understanding 
needed in other chemistry areas, such as oxidation-reduction and solubility (Bergquist & 
Heikkinen, 1990). Secondly, the five knowledge components of Topic Specific PCK were used as 
broad categories to generate and locate questions based on the above listed big ideas.  As 
described above, the nature of the questions would require understanding of the content of the big 
idea in chemical equilibrium applied through the five components of Topic Specific PCK.  A scan 
of existing PCK tools, especially in science, was conducted to establish the technique of and the 
emphasis on the construction of questions used.  As indicated by Baxter and Lederman (1999), 
most researchers who investigated PCK (e.g. De Jong, Van Driel, & Verloop, 2005; Mulholland 
& Wallace, 2001; van Driel et al., 1998) used multi-method evaluations, that is, a variety of 
techniques.  Data from these different sources are triangulated, which usually results in a general 
profile of a teacher’s PCK.  In more recent instruments, where the measured PCK is topic specific 
and the instrument is quantitative e.g. Riese and Reinhold (2009a) in mathematics, (Park et al., 
2011) and Tepner & Witner (2011) in science, Rohaan et al.(2009) in technology education, the 
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technique used in test items are teacher tasks that are varied across the traditional practices of 
teachers.  In some cases, classroom scenarios are described for setting the context to which a 
response is required.  These include among others: explaining, giving feedback to learners, 
organizing topic concepts into a structure (mind map), sequencing of concepts for teaching, 
adaption of representations and making suggestions of teaching strategies for specified cases, 
adapting lesson plans, etc.  In this study, a similar approach was used in generating questions for 
the Topic Specific PCK tool on chemical equilibrium. As the items were generated, a dilemma 
arose about the inclusion of content based questions (questions 3-5 in Figure 4.1) alongside Topic 
Specific PCK type questions (questions 1-2).  The dilemma was clouding decisions on the first set 
of questions.  This issue was raised with the reference team, whose response is discussed later. In 
this first version of the tool, questions generated were open-ended in nature, and presented as a list 
under each category (Appendix F).  Figures 4.1 and 4.2 show an extract of questions from the 
Students’ Prior Knowledge and Curricular Saliency categories, respectively.   
 
 
Figure 4.1: An extract: TSPCK questions in a first draft of Category A: Student Prior Knowledge 
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Figure 4.2: An extract: TSPCK questions in a first draft of Category B: Curricular Saliency 
Topic Specific PCK questions in the tool are teacher tasks based with an emphasis on the 
understanding of the structure of the topic, providing perspective on the dilemma of breadth 
versus depth of coverage.  A total of 22 questions were generated across the five categories of 
Topic Specific PCK.  Each of the five categories was regarded as test items with two-four sub-
questions.  See Appendix F for the full battery of initial questions.  
4.2.2 Judgment of items 
The first version of the tool, comprised of the generated list of questions, was subjected to a 
preliminary pilot process, where language, context and time were assessed.  Four final year pre-
service teachers who had just completed their final exam were exposed to the test questions at the 
end of year 2010.  This is a class a year ahead of the class used in the sample.  The choice of 
respondents in pre-service was made considering the sample to be used in this study, although it 
was voluntary.  Following a brief introductory session on the study, and the fulfillment of ethical 
requirements, the test questions were administered in my presence as I stayed on to answer any 
logistical queries that arose.  The pre-service teachers were requested to both answer the questions 
as best as they could, and comment on the clarity of the questions, the contexts used and time 
needed to complete the questions. On completion, the respondents were visibly exhausted. 
Following a short break, discussions commenced about the suitability of the test questions. The 
pre-service teachers expressed concern about the following: 
 The exceptional duration of the test, recorded on average to be at 90 minutes. 
 The high demand of the test for understanding of the content, Chemical Equilibrium, 
which they had last learnt two years previously.     
 The need for provision of blank lines in the test to write responses. 
74. 
 
The same test questions as well as the comments from the pre-service teachers were subjected to 
a critique by a reference team, comprised of 12 researchers in science: 2 senior researchers who 
are also teacher educators in science education (chemistry), 2 researchers and senior teacher 
educators in science (physics), 1 senior lecturer in science education (chemistry), 1 post-doctoral 
student in science education,  2 doctoral students in science education (chemistry), 2 masters 
students in science education, and 2 physical science teachers, who all appraised the Topic 
Specific PCK questions.  The reference team was asked to evaluate whether the suggested test 
questions matched the features of a Topic Specific PCK description, as discussed in Chapter 2 
and in the introductory section (4.1) above.  Secondly, they were asked to comment on the 
technique used to formulate questions around common teacher tasks, the inclusion of questions 
on content and, lastly, to consider the comments from the pre-service teachers.  After 
deliberating on the suggested Topic Specific PCK questions, the reference team firstly affirmed 
the observation made earlier that, not only should the examinee have topic specific PCK to 
answer the questions, but so should the designer and the examiner of the test. This observation 
was important as it talked to the ability by the examiner to recognize Topic Specific PCK when 
displayed in the responses, which, unlike content questions, has no single, universally accepted 
correct answer.  The reference team acknowledged the comments from the pre-service teachers 
and requested the following refinements of the questions: 
 Minimize ambiguity in the wording of the questions by clarifying the expected mode or 
manner of the required response.  Also, in cases where a scenario is given, full 
descriptions of the contexts in which the scenario is located should be provided.  
 Include recording spaces into the tool to capture responses. 
 Separate and remove content-based questions from the Topic Specific-PCK questions as 
these cloud the focus on Topic Specific PCK. 
 
All the above recommendations were implemented. An example of a modified question is 
provided in Figure 4.3 below. 
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Original 
Question  
 
 
 
 
 
 
A modified 
question  
 
 
 
 
 
 
 
 
Figure 4.3: A comparison of the first draft vs. a modified question in the TSPCK tool 
4.2.2  Putting the tool together for Piloting 
In the second version of the tool (Appendix G), the modified questions were kept as open-ended 
questions, organized into the five Topic Specific PCK categories.  A cover page was designed 
with questions to solicit the bio-demographics for building up the profiles of the respondents (see 
Appendix H).  Each category was chronologically numbered and titled distinguishably from the 
subordinate Topic Specific PCK test items. The order of placement of the categories in the tool 
remained: (i) Students’ Prior Knowledge, (ii) Curricular Saliency, (iii) What is difficult to learn, 
(iv) Representations and lastly (v) Teaching Strategies. Part of the validation process, described 
later in this chapter, is to determine empirically whether there is a hierarchal order among these 
categories.  The test was then ready for piloting.  According to Loughran et al (2004), the process 
of developing a tool for capturing PCK requires working with teachers at both an individual and a 
collective level  ‘….. PCK resides in the body of science teachers as a whole’ (pg. 374).  The draft 
instrument was piloted with a group of 11 practicing physical science teachers who teach Grade 
12, the final Grade of the South African schooling system.  It is at this Grade where the topic of 
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Chemical Equilibrium is taught nationally.  The teaching experience of the group at this Grade 
varied from 2-5 years.  Following an introduction to the study and ethics considerations, see 
Appendix E for a sample letter of informed consent.  Teachers were allowed as much time as they 
needed to complete their responses. The time recorded for completion ranged between 80 to 90 
minutes.  As the test items were open ended questions, the time taken writing responses was 
mostly used for writing explanations. This enabled soliciting of text rich in specific phrases that 
teachers use in their teaching of the topic (see sample responses in Figures 4.4 and 4.5 below). 
 
Figure 4.4: A sample of a response repeating definition with no expansion 
[PT:PCK,SN] 
 
 
Figure 4.5: A sample of an expanded response from piloting Topic Specific PCK 
[PT:PCK,S] 
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The responses shown in Figure 4.4 and 4.5 illustrate correct subject matter knowledge but 
different levels of engagement with explanations. The response in Figure 4.4 displays lack of use 
of any additional knowledge about the content to assist in the explanation provided.  It simply 
repeats the content. In contrast, the response in Figure 4.5 displays strategic intent to highlight the 
important feature qualifying a chemical reaction to be at equilibrium. It further expands on the 
meaning of ‘equal rate’ illustrating a choice of language that is accessible.  Furthermore, the 
explanation is supported with the use of representations. The access to teachers’ language and 
their ways of explanations provided by the pilot study is one of the valuable insights generated by 
the tool and is highly appreciated.  The variety of the degree of engagement with concepts of the 
chemical equilibrium topic when responding to the test items, provided an opportunity to 
recognize the quality of Topic Specific PCK. The opportunity provided a bank of possible 
responses to choose from when refining the tool.   Given the observed lengthy duration required 
by the test, a decision was made to frame the open ended questions into semi-closed questions in 
the third version of the tool (Appendix I).  The questions were regarded as semi-closed as they 
now have multiple choice responses to choose from, while allowing an opportunity for 
explanations of the choices made.  The rich text of phrases generated from the open–ended 
question responses in the pilot study above, was used in formulating multiple choice responses 
underneath for the five categories. However, unlike content test items that may have a single 
correct answer, the challenge lay in formulating responses.  In teaching there is rarely a single 
correct way to do something.  Like Carlson (1990) and Rohaan et al.,(2009) the option to develop 
best-answer rather than correct-answer in the multiple choice responses was adopted. In principle, 
it meant all provided responses were conceptually correct, with a less or more appropriate course 
of action in specified contexts as shown in the extract in Figure 4.6 below:   
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Figure 4.6: A sample of a semi-closed Topic Specific PCK test item 
All other category items were constructed in a similar format, with the exception of the category 
Teaching Strategies that was retained as an open-ended question.  Test items, within a category 
regarded as testing similar kind of knowledge, were removed, reducing the test questions from 22 
to 16.  The page capturing the biographic information of the participants was also refined to add a 
code by which the respondent could be identified.   
To score the topic specific PCK tool, a rubric similar to that in Park et al. (2011), corresponding to 
the five components with each being rated on a four point scale, from 1(‘limited’) to 4 
(“exemplary”) was developed. The questions in each knowledge category were scored singly as 
an item, so the test comprised of 5 items each with a maximum score of 4.  A set of criteria for the 
knowledge category “learners’ prior knowledge” and “Curricular Saliency” are shown below in 
Figure 4.6 below.  The full rubric can be found in Appendix J. 
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Figure 4.7: An extract from the TSPCK rubric 
Both the modified Topic Specific PCK tool and the scoring rubric were submitted to the reference 
group for final comment. The reference group was tasked with critiquing the final tool in terms of: 
 Appropriateness of the multiple choice responses provided. 
 Reduction of the questions under some knowledge categories that were measuring similar 
kinds of knowledge. 
 The appropriateness of the developed rubric to score the modified tool.   
The comments received from the reference team were largely encouraging and positive. A 
positive feature of the final tool was the mix of semi closed and opened questions for the test 
items (knowledge categories).  There were refinements, such as changing the name of the 
Curricular Saliency category to Curricular Awareness.    Another was to refer to the category of 
Students’ Prior Knowledge as Learners’ Prior Knowledge as this is the term used to refer to 
school- going learners in South Africa.  Another one was to swop the order of questions under the 
knowledge category for Student’s Prior Knowledge, so that the question on misconceptions is 
first.  Further suggestions were made to the scoring rubric sharpening the wording of the criteria 
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under each level.  All these comments were used to refine the final tool regarded as version 4, 
presented in Appendix K. 
4.2.3 Validation of the instrument 
The refined, final topic specific PCK tool was administered to a group of 20 practicing teachers 
whose experience ranged from 5 to 20 years of teaching the subject.  The practicing teachers were 
part of a group of teachers registered for a two year, part time study towards an honours’ course, 
at the University of Witwatersrand (a post first degree qualification which is a prerequisite for 
masters’ entry).  They all had first degrees in either a mainstream Bachelor of Science degree 
(with Chemistry or Physics as a major) or a Bachelor of Education in Physical Science degree.  
The responses to the topic specific PCK instrument were scored using the rubric (Appendix J) and 
applying the rules as described in Chapter 3, section 3.7.1.  The rubric scores were peer validated 
(against those generated by me) by two independent raters who are working in the science 
education field with research interest in PCK.  Prior to scoring, as explained in the previous 
chapter the raters first familiarized themselves with the tool, the rubric and the rules of 
engagement.  In cases of differing scores, the raters would share insight into their individual score.  
A score would be retained or changed depending on the merit and the degree of the convincing 
argument.  Overall, an agreement rate of 81 % was obtained between the raters.  As mentioned in 
the previous chapter, the agreement rate was expressed as a percentage of the quantity of 
questions where there is agreement across the raters and me, over the total questions in the tool.   
(i) Validity 
The exact nature of 'validity' is a highly debated topic in both educational and social research 
since there exists no single or common definition of the term. It is however a term associated with 
quantitative studies. A much cited definition of 'validity' is that of Hammersley's (1987, p. 69): 
"An account is valid or true if it represents accurately those features of the phenomena, that it is 
intended to describe, explain or theorise".  Insofar as 'validity' definitions are concerned, two 
common strands begin to emerge: firstly, whether the means of measurement are accurate; 
secondly, whether they are actually measuring what they are intended to measure.  For 
quantitative measurements, validity may be expressed in two forms, namely, internal validity and 
external validity.  Internal validity refers to controlling particular threats that might supply 
alternative explanations for studied outcomes (Onwuegbuzie, 2003).  Traditional strategies to 
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minimize threats that may affect internal validity in a study involving development of instruments 
include establishing accurate content and internal correlation of the items of the instrument.  For 
this study the rigorous consultation with subject experts through the above-mentioned reference 
team during the designing and modification of instruments contributes towards the internal 
validity of the instrument.  As the tool is new, the discussion on validity will deal with the concept 
of ‘construct validity’.  According to (Kane, 2006) and Haertel (2006) construct validity requires 
arguments that provide the conceptual understanding behind the entity being measured as well as 
arguments showing evidence that generated data or measurements actually measures the intended 
entity.  He referred to the conceptual argument as the ‘interpretive’ and the arguments on 
measurements as ‘validity argument’.  Thus, part of the discussions about the conceptual rationale 
of Topic Specific PCK and its distinction from other versions of PCK contributes towards the 
interpretive component of validity (Kane, 2006).  The validity argument has been addressed 
through calculated reliability and validity indices generated through the statistical analysis model 
used in the study –the Rasch Winstep model.  This kind of calculated validity is also known 
traditionally as external validity.  However, I acknowledge that my study has an inherent 
limitation of a small sample size.  Thus, the findings have been reported and interpreted in the 
context of the participants in this study.  I have however made recommendations in the concluding 
chapter in this regard.  The raw scores generated from the responses in the Topic Specific PCK 
tool are reported in Table 4.1 below.   
The raw scores were subjected to Rasch statistical analysis using the Winstep software, version 
3.72.3).  The Rasch statistical model, as alluded to in Chapter 3,  transform the raw scores 
obtained from the ordinal scale type rubric into  measures that are located on a linear scale with 
equal intervals (Bond & Fox, 2001).  Such a scale allows for determination of an empirical 
hierarchy with respect to the person’s ability of responding and the hierarchy for item difficulty.  
The principle behind the creation of the probability scale is based on the understanding that .. ‘all 
persons are more likely to answer easy items correctly than difficult items (Bond & Fox, 2001, p. 
20).  In Rasch statistical analysis, construct validity focuses on the idea that the recorded 
performances are reflections of a single underlying construct, which is made explicit by the 
representation of items, and by the human ability inferred to be responsible for those 
measurements (Bond & Fox, 2001, p. 20).    
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Table 4.1:  Raw scores from responses of practicing teachers 
Practising  
Teachers         
(for validation 
of instrument) 
Learners 
Prior 
Knowledge 
Curricular 
Saliency 
What is 
Difficult to 
Teach? 
Representations Teaching 
Strategies 
MR 2 1 2 2 1 
JM 2 1 2 1 1 
NS 4 4 4 3 3 
ML 3 3 2 2 1 
SM 4 4 4 4 3 
MS 3 1 2 3 1 
TC 3 1 1 1 1 
MM 3 1 3 1 1 
BS 3 4 3 2 2 
MN 3 1 2 2 1 
AA 2 2 1 1 1 
BN 2 2 1 1 1 
MP 3 1 2 1 1 
MV 4 3 4 2 3 
ETS 2 3 3 1 1 
KA 2 1 1 1 1 
EVV 2 2 1 1 1 
RM 3 1 3 2 2 
MJD 2 1 2 1 1 
MSK 3 3 3 1 1 
 
Two indices of “fit statistics” are provided by the Rasch software. One is called infit and the other 
is called outfit.  The infit index provides a statistic that reflects positive expectations of responses 
to items by specific persons.  The outfit index reflects items that are quite distant from a person’s 
ability level and therefore not expected to be achieved (Boone & Rogan, 2005, p. 34).  Item 
difficulty and person ability measures that fall within the statistic range of -2 and +2 are 
considered a good match, coherent, conventionally acceptable and therefore indicating that the 
items and the person measures coherently work together to measure a single construct, and 
therefore constitute a valid measure.   
A bubble item-person graph is used to display visually the calculated fit statistics that talks to 
validity as discussed above, as well as other indicators of reliability, such as the size of the 
bubbles and their interspaces, see Figure 4.7 below.   
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Figure 4.8: The bubble item-person graph for the pre-service teachers 
The most important feature of the graph is the visual display of both person ability and item 
difficulty scores represented as bubbles across the vertical axes scale.  Typically, the vertical axes 
of the graph show the ascending hierarchy of ability measures of persons, as well as the order of 
difficulty of the items on the same scale. The location of the bubbles indicates a person has a 50% 
chance of providing an acceptable (correct) answer to an item of matching difficulty on the same 
scale.  More difficult items are more likely to be answered by persons with high ability measures 
and vice versa.   
The person and the item fit statistics for the practicing teachers were all found well within the 
conventionally accepted range of fit indices -2 and +2 along the x-axis, as shown in Figure 4.7 
above.  It is also noted that the majority of the person and items fit statistics values are within the -
1 and +1 range, indicating a very good fit.  Person MS, whose fit statistic is on the border line 
(+2) was noted and a decision was made to retain it.  The measured good fit provides empirical 
evidence, as explained above, that the tool measures a single construct dimension. In this case the 
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construct is Topic Specific PCK as intended by the tool, therefore indicating good validity of the 
tool.   
(ii) Reliability 
The Rasch model provides two reliability estimates, one for persons taking test and one for items 
contained in the test.  The person reliability index indicates the replicability of person hierarchy 
we could expect if this sample of persons were given another set of items measuring the same 
construct (Wright & Masters, 1982).  High person reliability, indicates a good spread of scores by 
the persons in the sample, from low to high score values, and that we can have confidence in the 
consistency of these inferences. The item reliability index indicates the replicability of item 
placements along the pathway if these same items were given to another sample with comparable 
ability levels.  High item reliability, similarly indicates that the developed tool has both difficult 
and easy items, and that one can be confident in the consistency of these inferences (Bond & Fox, 
2001, p. 32). 
The size of the bubbles is an indication of the degree of the error in estimating their respective 
positions along the vertical continuum (Boone & Rogan, 2005).  Large sized bubbles indicate 
lower reliability of the measures, while small sized bubbles indicate higher reliability.  In Figure 
4.7, it is shown that the person ability measures, for practicing teachers, are clustered much closer 
to each other in the lower to middle part of the vertical scale and in many cases are overlapping. 
Such a representation indicates that most of the teachers in the sample had similar abilities of 
answering the test.  They found the test difficult as indicated by the bubbles in the lower end of 
the vertical scale, while some experienced medium difficulty as seen from the bubbles located 
about midway on the vertical scale. Only two teachers namely, SM and NS found the test easy to 
engage with.  The size of the persons’ bubbles is relatively larger than that of items because of 
overlapping (similar in abilities).  The item bubbles (pink coloured) are relatively better 
interspaced across the vertical scale with no overlapping; therefore a high reliability is expected.  
By mere inspection, looking at the interspace between the bubbles and the size of the bubbles, one 
may expect the reliability for the test items to be a bit higher than the reliability of the hierarchy of 
the abilities of persons.  The reliability indices obtained for the sample of practicing teachers in 
the sample is presented in Table 4.2 and explained below. 
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Table 4.2: Person and item reliability indices for the practicing teachers 
Person Reliability Item 
Reliability 
Cronbach’s Alpha 
(KR-20) 
0.88 0.92 0.89 
 
The reliability indices for persons and for items are both high (> 0.8 on a scale of 0-1) and fall 
within the acceptable range.  The values and the pattern of the reliability indices for the sample, 
confirms the predictions as read out from the bubble item-person graph above.  The person 
reliability was predicted to be lower than the item index as shown by the values in Table 4.2 
above based on the observed interspace between the persons’ bubbles.  However, both values are 
within the acceptable range.  High reliability index values means that confidence may be placed in 
the replicability of item placements in the tool if these same items were given to another sample 
with comparable ability.  Also, confidence may be placed in the persons’ placements in the tool if 
given another set of items measuring the same construct (Wright & Masters, 1982).  The above 
good reliability is also confirmed traditionally by the value of Cronbach’s Alpha (KR-20) 
calculated at 0.89, a value which is in the acceptable range.  Thus, the newly developed tool is 
reliable for contexts comparable to the study. 
(iii) Empirical Test Item Hierarchy 
Having transformed the raw scores into probability measures as discussed above, the item 
difficulty rank order for test items and persons’ ability order may be established.  Given below are 
values determining the difficulty rank order for the items as experienced by the sample.  
Table 4.3: Rasch measures for item difficulty 
Learners’ Prior 
knowledge 
(LPK) 
What is difficult 
to teach 
(WDT) 
Curricular 
Saliency 
(CS) 
Representation 
cy 
(R) 
Teaching 
Strategies 
(TS) 
-2.77 -1.24   -0.20   1.29   2.92   
LPK              < WDT             <     CS         < R                 < TS  
Note: (i) Item measure mean set to zero & Units per Logit =1 for all the analyses  (UIMEAN=0 and USCALE =1) 
          (ii)  The symbol “<” refers to relationship (less than)  
When comparing the Rasch measures for item difficulty, the following pattern rank order is 
observed:  the category of students’ prior knowledge is least difficult, followed by what is difficult 
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to teach, then curricular Saliency then representations and the category of teaching strategies was 
found most difficult.  However, a big difference is observed between the curricular saliency and 
the representations categories, showing the two last categories (representations and teaching 
strategies) to be more difficult than the first three. This calculated order of difficulty confirms the 
theoretical expected order discussed at the beginning of this chapter.  Such an agreement between 
the empirical and the theoretical expectation further confirms the validity of the tool (Wright & 
Masters, 1982, p. 93). 
The above findings and discussion point to the good validity and the reliability indices of the tool.  
The findings are good and exciting, and augur well for the prospects of the newly developed tool 
and the theoretical construct of Topic Specific PCK.   
iii. Measuring Topic Specific PCK 
Table 4.4 below presents the calculated mean of the measured quality of Topic Specific PCK.  
This mean is calculated from the Rasch measures reflecting the abilities of the participants in 
answering the test items.  
Table 4.4: Quality of Topic Specific PCK 
Mean  (persons) Test Duration (min) 
-1.82 60 
                 Units per Logit =1 (USCALE =1) 
The mean value of the sample was calculated at 33.16.  The low value in the calculated mean may 
be explained from the observed pattern of measures that are largely clustered at the lower half of 
the vertical scale signaling a low quality of Topic Specific PCK in the sample.  The calculated 
Topic Specific PCK of the practicing teachers is lower than desired despite the fact that these are 
teachers who meet the requirements for entry into an Honours Science Education programme.  
The observation illustrates the concern expressed in the rationale (Chapter 1) on the state of 
science education in South Africa.  The time for the administration of the tool was reduced from 
80 minutes registered in the pilot to 60 min, which is endurable. 
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4.3  Concluding Discussion  
In formulating the test items for the Topic Specific PCK construct, it becomes clear that, although 
the focus was not on SMK of chemical equilibrium, enough understanding of the topic was still 
needed as a base.  This observation confirms findings in earlier empirical studies (Rollnick, et al.  
2008).  It is also noted that the separation of SMK based questions from Topic Specific PCK 
questions in the tool was noticeable by the nature of the responses received, which were related to 
reasoning about the content than the content itself.  The isolation of PCK related discussion from 
SMK per se may also serve as an indicator that PCK related knowledge is different from SMK.  
The validity and the reliability indices of the tool have been found acceptable. In terms of the need 
to provide evidence for construct validity, both the interpretive argument (conceptual rational and 
the assumptions made) and the validity argument (statistical calculations) have been provided 
with acceptable indices.  Also the assumptions made in the interpretive argument have been 
proved to hold empirically.  These include in particular, that the tool measures a single dimension 
construct.  The knowledge components of the construct measured follow a particular difficulty 
order which was predicted theoretical and proven statistically.   Therefore, the findings are 
encouraging for the value of the newly introduced instrument.  Topic Specific PCK as argued in 
this study is seen to be a valid theoretical construct, that has been conceptualized and an 
instrument to measure its quality was developed.  This answers the first research question about a 
valid tool.  The tool has been proved to be suitable for use in the collection of data through the 
intervention of this study, as described in the next chapter. 
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CHAPTER 5 
5.  THE INTERVENTION: COMPONENTS OF TOPIC SPECIFIC PCK 
Transformation of SMK is the central theme flowing through this study.  Its link to PCK has been 
presented and discussed in the theoretical framework in Chapter 2. Topic specific components 
from which transformation emerges, have been identified and used in the development of the 
Topic Specific PCK Tool as discussed in the previous chapter.  This chapter provides a 
description of the intervention and expands on the explicit classroom discussions of the 
components of Topic Specific PCK.  The chapter ends with a discussion on how the individual 
Topic Specific components were pulled together in coherent manner using a CoRe.    
5.1 Introducing the B Ed Programme 
The B Ed programme is a relatively newly introduced degree for initial teacher training at the 
University of the Witwatersrand, with its first student intake in 2003.  It is located in the School of 
Education , within the Faculty of Humanities.  The first graduates of this degree graduated on 12 
December 2006.  It replaced the former teaching qualifications of the Higher Diploma in 
Education (HDipEd) and Bachelor of Primary Education (BPrimEd) (Rusznyak, 2008). The 
programme offers specialization in a combination of education phases. For example, students 
have a choice of specializing in either Early Childhood Development/Foundation phases; 
Intermediate/Senior phases, or Senior/Further Education and Training phases which are aligned 
with the schooling phases as outlined by the government ((Rusznyak, 2008). Within a phase, 
students have a further choice of subject/discipline specialization.  The B Ed model adopted by 
the Wits School of Education is that of an integrated programme, where classes are split between 
discipline content, and teaching methodology which includes general education courses.  There is 
also exposure to teaching experience, scheduled in two blocks of three-week periods of classroom 
based school sessions, in all four years of study. The programme of interest to this study, as 
detailed below is in the Senior/Further Education and Training phase of training. 
5.2 The Intervention: A Case Study  
As previously indicated in Chapter 3, the intervention was located in the final year curriculum 
methodology course for the physical science discipline.  The course is for students who have 
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chosen physical science as their major subject for teaching at the Senior/Further Education and 
Training Phase in South African Schools.  The fourth year, which is the final year of study was 
chosen. Pre-service teachers at this level have been taught the content of Chemical Equilibrium 
during their second year, as well as being exposed to school experience over those years.  
Therefore, they are expected to handle discussions about this area of content reasonably well.  
Traditionally, the curriculum methodology course focuses on the development of competence in 
planning teaching strategies, specifically in context of physical science, using the following 
learning outcomes (see course outline in Appendix L) : 
 To demonstrate competence in planning, designing, and reflecting on learning 
programmes appropriate for the learners and learning context. 
 To demonstrate competence in selecting, using and adjusting teaching strategies in ways 
which meet the needs of the learners and the context. 
 To demonstrate competence in monitoring and assessing learner progress and achievement 
in physical science. 
 To demonstrate respect for and commitment to the educator profession. 
These learning outcomes are developed over the entire academic year, whereas the first two 
bulleted outcomes are developed in the first semester. The intervention was, therefore, located 
in the first semester in alignment with the course learning outcomes. Typically, the content of 
the course during the first semester explores learning and teaching theories in science, ranging 
from constructivism to orientations of official South African national curriculum documents 
(see Table 5.1 below). The intervention replaced two major existing topics, namely, Research 
in Science Education and Orientation to Official Curriculum Documents with two topics, 
namely, Introducing PCK and Pedagogical Transformation of Subject Matter Knowledge – 
using concepts in Chemical Equilibrium as an example.   
.   
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Table 5.1: Content in the Curriculum Methodology course in the first semester 
Existing Content Content used in intervention 
 Constructivism in science 
o Learner misconceptions in selected 
topics 
o Teaching for conceptual change 
o Teacher Beliefs in science 
o Pedagogical content knowledge 
o Planning a learning programme  
 Research in Science Education  
 Orientation to official curriculum  
o National Curriculum Statement 
(FET) Physical Sciences 
o NCS Physical Sciences content 
o Learning programme guidelines: 
Subject Assessment Guidelines:  
 Constructivism in science 
o Learner misconceptions in selected topics 
o Teaching for conceptual change 
o Teacher Beliefs in science 
 Pedagogical Content Knowledge (PCK) 
o Introduction – what it is and its importance 
 Pedagogical Transformation of Subject Matter Knowledge –
using concepts in Chemical Equilibrium as an example 
o  Learner Misconceptions  
o Curricular Saliency 
o What is difficult to understand  
o Representations  
o Teaching strategies for confronting common learner 
misconceptions 
The intervention aimed to provide an explicit engagement with pedagogical transformation of 
subject matter knowledge, using concepts in Chemical Equilibrium as an example.  Pedagogical 
transformation in this intervention is envisaged as happening through reasoning about the content 
of chemical equilibrium, through the five components of Topic Specific PCK. A detailed 
description of the Topic Specific intervention by component is given below.  While the profiles of 
the pre-service teachers in the sample have been provided in detail in chapter 3, some aspects of 
their profiles have been re-called herein to provide an immediate comprehensive context in which 
the study was conducted.    
5.2.1 The profile of pre-service teachers in the study 
As mentioned in Chapter 3, only 35% of the pre-service teachers in the class of 2011 were from 
the local Province (Gauteng),  but it is of interest to note they make a large proportion (4 out of 6) 
of the pre-service teachers who had completed their matriculation at much earlier years in the 
sample.  It could mean that they decided to pursue a teaching career later after completing school.  
It was also noted with interest that the class of 2011 was largely comprised of male pre-service 
teachers against only 4 pre-service teachers who are female (see Table 5.2 below).  Two of the 
female pre-service teachers KM and PPM were from Provinces outside the local Province – 
Gauteng.   
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Table 5.2: The gender profile of the pre-service teachers in the sample  
Pre-service 
Teacher 
Gender Year of 
Matriculation 
Place of 
Matriculation 
(Province) 
BS  Male 2007 Limpopo 
LLM  Male 2007 Limpopo 
MM  Male 2002 Limpopo 
KM Female 2007 Limpopo 
PMT Male 2007 Limpopo 
PM Male 2007 Limpopo 
NG  Male 2007 KwaZulu-Natal 
MC  Male 2007 KwaZulu-Natal 
PPM Female 2001 Mpumalanga 
KGS  Male 2007 North West 
SM  Male 2007 Gauteng 
JS  Female 2007 Gauteng 
TM  Female 2007 Gauteng 
TSM  Male 2004 Gauteng 
ZS  Male 2004 Gauteng 
JDL  Male 2000 Gauteng 
BM  Male 2004 Gauteng 
Unlike the locally based pre-service teachers, the profile of the pre-service teachers from the rural 
areas of Provinces outside Gauteng, reflects largely a more streamlined path to education, where 
no years were spent after completion of High School to make a decision about education as a 
career.   
5.2.3 The structure of the Intervention 
The intervention was structured into 14 sessions of 100 minutes each.  Two sessions were held per 
week, extending the intervention over 7 weeks.  Two additional tutorial sessions were held outside 
the formal class time on a voluntary basis. One was held near the beginning of the intervention 
(after session 3) and one towards the end of the intervention (session 10).  In these tutorials 
students responded and discussed questions posted over an online platform called Black Board 
ignite and referred to as BB ignite in the discussions.  On BB ignite students could chat to each 
other online.  For these two tutorials they were placed in permanent groups of 4-5 members.  An 
overview of the five knowledge components discussed in the intervention is given in Table 5.3, 
while a summary of the sessions in the intervention is given in Figure 5.1 below  
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Table 5.3: Overview of the five knowledge components of Topic Specific PCK 
Component Intervention 
Student prior knowledge Discussions on widely researched conceptions and common 
misconceptions on chemical equilibrium found in the literature. Emphasis 
was placed on awareness and recommended teaching strategies to confront 
misconceptions. 
Curricular saliency Identification of the big ideas and the corresponding subordinate concepts 
in a topic, sequencing for scaffolding learning, awareness of the 
background concepts needed before teaching the topic.  
Why it is difficult to teach Exploration of gate keeping concepts and those considered difficult to learn 
Knowledge of 
representations 
Introduction of the three levels of explanations at macroscopic, symbolic 
and sub-microscopic level 
Teaching strategies Emphasis on conceptual strategies rather than general pedagogy and 
logistics 
The above components were discussed in a context of the concepts in Chemical Equilibrium.  
Specific concepts of Chemical Equilibrium used are presented in Figure 5.1 against each 
knowledge component.  Figure 5.1 further presents an overview of the 14 sessions while a full 
programme of the intervention is provided in Appendix D. 
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Figure 5.1: An overview of the sessions of the intervention 
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The first two and the last two sessions were used for data collection through the administration of 
the tools for Topic Specific PCK, Achievement and Beliefs as pre- and post-tests respectively.  
Prior to the discussions on the knowledge components of Topic Specific PCK, revision of the 
aspects contained in constructivism as learning and teaching theory were made.  This introduction 
provided a natural flow into the discussions of the knowledge components starting with the 
component on students’ prior knowledge. 
5.2.4 The Intervention by Component 
The discussions about chemical equilibrium concepts through the five components of Topic 
Specific PCK were carried out one component at a time. The sequence followed was: Learners’ 
Prior Knowledge, Curriculum Saliency, What is difficult to learn, Representations and Teaching 
Strategies.  While these components were discussed individually, it is important to note that the 
intervention placed emphasis on the transformation of subject matter, therefore, the components 
of Topic Specific PCK were presented as the knowledge that assists the transformation process.     
The sessions were generally structured to have three parts, namely, 
 Part 1:  Pre-service teachers participate in the discussion about a pre-session reading task. 
 Part 2: Pre-Service teachers’ concepts in chemical equilibrium are revised if found lacking, 
and discussed in relation to the specific Topic Specific Component 
 Part 3:  A class activity that illustrates the Topic Specific Component being discussed, is 
performed and discussions shared in class.  
This format formed the basic structure, followed by all other sessions as will be evident in the 
detailed description for each component following below.  The pre-service teachers were arranged 
into four groups which were kept unchanged throughout all the sessions.  The organization of 
students in permanent groups when discussing a topic like Chemical Equilibrium  was found to be 
effective (Bilgin, 2006b).   The discussions in each group were audio recorded in all the sessions.  
Wherever names of students needed to be mentioned in the description below, pseudonyms were 
assigned.  These pseudonyms are consistent throughout the thesis.   Each time a pseudonym is 
used, the prefix ‘student’ was used for example:  ‘student Shepard’.  In this case ‘student’ stands 
for pre-service teacher. 
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For purposes of clarity, I have included the table below linking the pseudonyms to the codes 
assigned to the pre-service teachers, whose bio-demographics profiles are given in Tables 3.1 and 
5.2.  Also presented in Table 5.4 are the members of each permanent group.  The groups are 
named after one of their members, who was assigned to ensure that the audio recording equipment 
for the group was always functional in all the sessions.  The role was assigned on a voluntary 
basis.  It also turned out that these group leaders were also more vocal and actively participated in 
group discussions.  The discussions below draw on both the individual work and also the group 
effort.  Each case is clearly indicated as reference is made. 
Table 5.4: Linking Pseudonyms used in the discussions to their bio-demographics profiles. 
Pseudonym Pre-service Teacher Code Group Members 
Themba TSM Themba’s Group 
Shoni KGS 
- PMT 
Zen ZS 
Shepard MC Shepard’s Group 
Noli JS 
Tini PPM 
Khaya MM 
Mushe SM Mushe’s Group 
Hloni NG 
- KM 
Promise BS 
Lebo LLM 
Ben BM Ben’s Group 
Nhleko JDL 
Hope TM 
Sipho PM 
 Learners’ Prior Knowledge 
The discussion was premised on common widely researched conceptions and misconceptions on 
chemical equilibrium. To assist in the pre-reading task, pre-service teachers were referred to a 
research paper by Tyson and Treagust (1999), contained in their resource file, which was issued at 
the beginning of the course (Appendix M). The paper illuminates commonly identified 
misconceptions in chemical equilibrium arising from the limitations of the Le Châtelier’s 
principle, the subtle difference that may be overlooked between physical and chemical systems, 
the interpretation given to commonly used expressions such as: closed/open systems and 
equilibrium position (shift to the right/shift to the left).  Pre-service teachers participated in a 
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facilitated discussion on the above listed misconceptions.  The emphasis of the discussion was 
first to create awareness about the misconceptions, and, secondly, to illustrate the value of 
knowing about them and the influence they have when thinking about a lesson.  However, as 
Tyson and Treagust (1999) warned, it is not enough just to tell students about the misconceptions, 
as they have been shown to be difficult to change.  This was evidenced by the difficulty the pre-
service teachers experienced in a class activity on one of the commonly known misconceptions 
involving closed/open systems.  In this activity, in four groups, pre-service teachers were required 
to observe a reaction that visibly releases gas as one of the products. The reaction was conducted 
first in an open system and repeated in a closed system.  Students were then required to write out 
the chemical equation in each case on the board.  For this activity, the reaction of sodium 
bicarbonate with acetic acid was used.  While all four groups were able to correctly distinguish the 
one system from the other in their verbal explanations, their written explanations revealed subtle 
misconceptions as shown in Figure 5.2. 
 
Figure 5.2: Pre-service teachers’ attempts at explaining Close and Open systems 
 [CA:MIS,TS] 
In their written explanations on the board, one group expressed the equation of the reaction as a 
reversible reaction in both closed and open systems, while another expressed the equation as a one 
way reaction with no reversibility in both open and closed systems. The two cases were further 
discussed in class illustrating the importance of consistency in verbal explanations and written 
explanations when teaching.  The concept of closed vs. open systems was explored further to 
probe the understanding of pre-service teachers.  Other basic principles of chemistry were 
explored such as establishing the understanding about mass conservation in closed vs. open 
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systems and the meaning of chemical equilibrium in a closed system.  The session concluded with 
the acknowledgement of the value of knowing about the commonly known misconceptions in 
chemical equilibrium. 
 Curriculum Saliency 
This session focused on the ability to analyze and organize a topic for purposes of planning for 
teaching. In preparation for the session, pre-service teachers were required to familiarize 
themselves with one of the ways to re-structure and re-organize a topic using the Content and 
Representation (CoRe).  An extract from the book by Loughran et al. (2006) with examples of 
CoRes was used as a pre-session reading task.   In class the session, started with a facilitated 
discussion explaining what the CoRe is, and the meaning of the “Big Ideas” and the prompt 
phrases contained in the CoRe such as”.  The CoRe was introduced at this stage as a tool that may 
be used to capture different aspects of teaching chemical equilibrium as they emerge from the 
class discussion.  Some of the thoughts expressed by the pre-service teachers as their first 
impressions of the CoRe, showed that they realized its potential utility (see Figure 5.3 below). 
 
 
Figure 5.3:  Impressions of pre-service teachers about the CoRe 
               [CA:CS,LM] 
Student 
Mushe 
Student 
Lebo 
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The aspects of curricular saliency were explicitly introduced as a means fort unpacking a topic in 
terms of its big ideas, subordinate concepts, sequencing and foregrounding concepts. A class 
activity was conducted where pre-service teachers were requested to identify what they consider 
as prerequisite concepts needed to teach prior to the introduction of chemical equilibrium. Each of 
the four groups made a verbal presentation of their first attempts, see Audio Transcript below.  
Student Ben ..like chemical reactions, at an earlier age … 
Student Hope ….also types of reaction, er.. the reversible reaction I think they 
are important some reactions are not one directional but 
reversible.   
Student Nhleko ..okay what I think is that the rate of reactions are important….. 
the learners must know what we mean by rates of reaction    
Student Ben …okay my turn..aah the idea of exothermic and endothermic 
reaction. If you are given energy can determine whether exo or 
endothermic reaction 
[Audio Transcript-Pre-requisite concepts 5.1: Session 5, Student Ben’s Group; 00:28"-02:15"] 
Common to all the groups was, among some good relevant concepts, the listing of very generic 
concepts and some that are distant from the chemical equilibrium topic, such as those listed by 
Student Ben in both cases in Audio Transcript 5.1 above. This aspect of curricular saliency was 
concluded by lifting out gate keeping concepts from the collective list suggested by the groups 
such as: rate of reaction, reversible reactions as pre-requisite concepts.  
The next activity in class looked at identifying big ideas and subordinating concepts in chemical 
equilibrium.  Pre-service teachers were requested to capture these in the form  of a table similar to 
the CoRe.  It was interesting to note the tendency by the groups to identify algorithmic type of 
aspects such as ‘calculation of Kc’ and listing of Le Châtelier’s principle as main ideas, as 
presented by Student Shepard’s group in Audio Transcript 5.2 below.  A common error across the 
groups was the inclusion of one or two pre-requisite concepts as part of the main ideas.  This is 
seen in Audio Transcript 5.2 below, where the concept rate of reaction is explicitly included as 
part of the main ideas of the topic.  On a positive note, the group represented by student Shepard 
was the only group to identify the main idea – the dynamic nature of equilibrium, as one of the 
main ideas in chemical equilibrium.  
We are going to… our main ideas are Chemical Equilibrium under which we have dynamic 
equilibrium and Physical Equilibrium under which we have static equilibrium. Eh…also 
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similarities and differences.  We move to Le Châtelier’s principle still on our main ideas.  Under 
it we will speak of factors affecting equilibrium.   ..Equilibrium law under we have mass action 
expression, the quotient and then Kc  …We also have as our main ideas rate of reactions, yes 
obviously involving a catalyst and all that…still under Le Châtelier’s we will speak of factors 
affecting equilibrium temperature, pressure and concentration. And then lastly solving 
equilibrium problems, Eh.. introducing learners to equilibrium constant and calculating that and 
application of equilibrium principles.  
[Audio Transcript 5.2: Session 5; Student Shepard’s Group; 34:06" -35:37"] 
During the class discussion, it emerged that one of the reasons given to the tendency to lean 
towards the algorithmic aspects of the topic, in the pre-service teacher’s own words, is the trend 
set by the national examination and the desire by teachers to ensure their students are successful, 
see extract below. 
  … ‘I think our answers are based on how is examined the chemical equilibrium.  When you get 
in the exam room you find they have asked about factors disturbing equilibrium, the Le 
Châtelier’s principle, the pressure, they don’t explain what happens… So we are trying to fit with 
what is in the exam, we teach then what they had to know in order to answer the exam’. 
[Audio Transcript 5.3: Session 5; Student Nhloni; 58:18"-58:44"] 
The session was concluded with class discussion, where the pre-service teachers were given 
corrective feedback on their initial attempts. 
 What is difficult to teach? 
The session aimed at exploring problematic gate keeping concepts in Chemical Equilibrium.  A 
pre-session reading task was based on the research paper by Quilez-Pardo and Solaz-Portolez 
(1995), that explores many areas identified as challenging in the teaching of Equilibrium.  In this 
session, pre-service teachers were given an opportunity to identify what they considered difficult 
to teach. Their spontaneous responses confirmed widely reported percrptions about the difficulty 
and abstractness of chemical equilibrium (Tyson & Treagust, 1999), as seen in their comments 
below. 
Student Shepard : ‘..chemical equilibrium is a very broad topic, so they [learners] need..’ 
Student Noli        : ‘and difficult’ 
Student Shepard  :  ‘It is, neh.[isn’t that so?].’ 
 [Audio Transcript 5.3: Session 5; Student Shepard’s Group; 34:06" -35:37"] 
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In a class activity, given a range of aspects on chemical equilibrium concepts, pre-service teachers 
were requested to identify those they considered difficult to teach. It was noted with interest, that 
like their initial attempts in the sessions about curricular saliency, their analysis leaned heavily on 
algorithmic aspects and calculations related to the equilibrium constant, Kc as shown in their 
responses of the pre-test, an extract shown in Figure 5.4 below.  In presenting their attempts pre-
service teachers struggled to define, exactly what it is that makes their chosen aspects to be 
considered difficult. 
 
Figure 5.4: Initial attempts at identifying what is considered difficult  - Chemical Equilibrium 
                     [PCK1:HN] 
Following the presentation of their attempts, a class discussion was conducted where their 
responses were discussed.  As shown in Figure 5.4 above, it was pointed out to them that their 
responses were shallow, pulling aspects from other subjects while the requirement was to focus 
selectively on the chemical equilibrium topic.   Gate keeping aspects of chemical equilibrium that 
may be difficult to teach were illuminated explicitly. These included among others, the 
understanding that at equilibrium there are forward and reverse reactions, and neither reaction 
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goes to completion.  The next section describes the discussions held in explaining representations 
used to prepare concepts for teaching.   
 Representations 
The session introduced and expanded on the representations used at three levels of explanations, 
namely, macroscopic, symbolic and sub-microscopic. The pre-reading task was based on a 
research paper by Treagust, Chittleborough, and Mamiala (2003) that introduces the three levels. 
In discussing the reading task in class, it appeared that pre-service teachers were appreciative of 
the value provided by the representations at different levels, but needed more clarification, with 
examples on how to use the sub-microscopic representations.  To address this, sub-microscopic 
representations were drawn on the board first to illustrate a simple reaction such as that of 
hydrogen gas and iodine gas to form hydrogen iodide gas as a product.  The use of different 
shading of particles to explain the above reaction at sub-microscopic level such as shown in 
Figure 5.5 below, were well received by the pre-service teachers.  The reason was, as was 
discovered later in the class discussion, that each species (reactants and products) is represented in 
a standalone box 
 
Figure 5.5: A microscopic representation where stoichiometry is observed 
When asked to illustrate with the use of representations at sub-microscopic level, the equilibrium 
state for the above reaction may be represented assuming a large value of Kc. The pre-service 
teachers experienced difficulties in representing equilibrium in a closed system, as shown by the 
examples in Figure 5.6.     
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Figure 5.6: Initial attempts at explaining the state of equilibrium at microscopic level 
[CA:REP,SLN] 
 
Prompted by the examples similar to that of student Lebo, where only the product is represented at 
equilibrium, the concept of the nature of dynamic chemical equilibrium (one of the main concepts 
of chemical equilibrium) was revised.  Examples on representing the equilibrium of different 
reactions with different values of Kc, were provided and discussed in class.  On further discussion 
in class, it emerged that, while the representations by students Shepard and Noli may be labeled 
erroneous on face value, the students were trying to express the process of breaking of bonds of 
products back to reactants and vice versa.  Given a further opportunity to attempt explanations of 
the dynamic nature of chemical equilibrium for different values of Kc at the microscopic level, an 
improvement was seen, as shown in Figure 5.7 below, where the state of equilibrium is explained 
at both symbolic level (see reaction arrows of unequal lengths) and microscopically showing more 
concentration of  NO2 molecules.  
               
Figure 5.7: Student Ben’s group improved attempt - microscopic level for a large Kc  
 [CA:REP,B] 
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In hindsight, I realize that the example provided in Figure 5.5 could have had more meaning for 
these pre-service teachers, if it had had a border overall rather than individual boxes. The use of 
representations to explain the same concept at different levels of occurrence was extended to the 
discussions of the concept of disturbing equilibrium, one of the main ideas.  A laboratory practical 
was conducted to observe the N2O4/NO2 system under different temperatures.  Pre-service 
teachers were requested to use representations to explain the effect of temperature on the 
equilibrium of this system.  Illustrated in Figure 5.8 below is a good presentation on the board of 
one of the groups, ending the session with sense of achievement. 
 
Figure 5.8: Mushe’s group: Presentation of N2O4/NO2 system using representations 
 [CA:REP,Mg]] 
The group correctly presented the N2O4/NO2 system at room temperature having a brown colour, 
as the equilibrium at this temperature favours the formation of the NO2 molecules.  The opposite 
is observed at lower temperatures where the formation of the N2O4 molecules is favoured.   
 Teaching Strategies 
The emphasis in this session was on conceptual teaching strategies that teachers may use to 
combat existing misconceptions and to minimize the chance for their occurrence when delivering 
lessons on concepts considered confusing and even difficult.  The research paper by Quilez-Pardo 
and Solaz-Portolez (1995) was re-visited with emphasis placed on suggested teaching strategies. 
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Discussions in class lead to the re-arrangement of the suggested teaching strategies into three 
different categories described below.  
o Teaching strategies, increasing awareness of alternative meaning, that may be assigned to 
commonly used phrases in chemical equilibrium. These include explanation of the phrase 
‘equilibrium’ as it creates a sense of referring to things that are equal. Other phrases are 
equilibrium shifts to the right and equilibrium shift to the left.  Suggested additional 
strategies are the provision of explanations of the terms, when their use seemed to be 
necessary, and actual avoidance of the use of the ‘equilibrium shift’ terms, while 
explaining what happens at equilibrium. 
o Teaching strategies that combat potential misconceptions through observations and or 
findings in practical work. These include illustration of the behaviour of concentrations of 
reactants and the forming products as the reaction starts, reaches equilibrium and stays at 
equilibrium.  Such illustrations are reported to leave a lasting impression of what happens 
at equilibrium 
o Teaching strategies that apply more than one kind of principle or theory to predict/confirm 
behaviour of a system at equilibrium.  The effect of the disturbance of a system at 
chemical equilibrium is often predicted by the use of Le Châtelier’s priciple.  However, 
the principle has limitations in certain cases, where solids and liquids are involved. The 
equilibrium theory, as communicated through the expression of the equilibrium constrant 
Kc, may be used to confirm or check feasibility of a prediction made through the reference 
to  
o Le Châtelier’s principle. As a strategy, it suggested that more than one theory/principle is 
taught and  the application of both should also be taught to learners.  
Pre-service teachers were given different scenarios where they could apply the above listed 
teaching strategies.  An extract from one of their best attempts, following direct feedback 
given in class on earlier attempts is shown in Figure 5.9 below. 
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Figure 5.9:  Shepard’s Group: Improved attempts at teaching strategies. [MA:TS,S] 
The response by student Shepard’s group in Figure 5.9 first indicates that the pre-service teachers 
have developed awareness of the commonly held misconception about using the Le Châtelier’s 
principle exclusively.   Their teaching outline indicates plan to introduce more than one theory 
that the student may use, to predict the effect of a disturbance of a chemical equilibrium. The 
session was concluded with a summary illuminating the role played by the Topic Specific 
Components discussed in earlier sessions when thinking about a teaching strategy, such as 
misconceptions, and possibly representations that are relevant for this example. 
5.2.5 Pulling the components together into a coherent framework 
In concluding the intervention on the individual topic specific components, a reflection session 
was conducted, where key points learnt from each Topic Specific Component were summarized. 
The discussion explicitly made links between the versions of chemical equilibrium concepts, 
resulting from reasoning in relation to the Topic Specific Components to pedagogical 
transformation.  The CoRe was re-visited as a tool, enabling capturing of the outputs from the 
engagement with all five different components.  In a class-facilitated discussion, modifications 
were made to the original CoRe template, as produced by Loughran et al. (2006). The 
modification included the explicit insertion of the five Topic Specific Components, as part of the 
prompts. Of interest was the observation by the pre-service teachers that the first four prompts of 
the original CoRe template, inclusive of the head-title, ‘Big Idea’, talks to aspects discussed in 
class as ‘Curricular Saliency’ (see Figure 5.10 below). 
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Figure 5.10:  Prompts in the CoRe recognized as curricular saliency 
Specific questions pre-service teachers regarded as important for illuminating each of the Topic 
Specific Components were added to the CoRe refining it further for ease of capturing Topic 
Specific PCK related reasoning.  The modified CoRe for Topic Specific PCK is included as 
Appendix N. 
5.3 Concluding Discussion  
The descriptions given above for the discussion of each Topic Specific Component give a 
reflection of the intervention as being an explicit, interactive process, which was the intention of 
the study.  Application of learning, through a combination of verbal discussions in groups, 
presentations in class and written work was immediate in class with prompt feedback.  This 
approach, while targeting aspects that develop the capability to transform content, created 
unplanned, naturally occurring opportunities for conceptual  development, as the pre-service 
teachers were challenged to reason about their conceptual understanding of the topic.  Pre-service 
teachers also benefited from the revision of conceptual aspects detected as lacking or 
misunderstood, as seen from the extract below. 
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Figure 5.11:  Written comments from the anonymous informal evaluation of the intervention 
[EV:AN2] 
In conclusion, the idea of transforming content for purposes of teaching through considerations of 
aspects related to misconceptions, curricular saliency, understanding of what is difficult to teach, 
representations and consideration for teaching strategies was refreshing.  While the impact of the 
intervention is discussed in the next three chapters (6-8), evidence of anticipated growth is seen 
from the comments written about the programme on completion of the intervention, as shown in 
Figure 5.11 above. While this chapter aimed and providing insight into the nature of the 
intervention conducted, a few indicators with regard to the researched impact naturally cropped up 
in the descriptions, increasing interest in the findings of the study.  In the next Chapter, the impact 
of the intervention is explored in detail. Data collected from the instruments on Topic Specific 
PCK, the tests on Achievement teacher beliefs are analyzed.   
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CHAPTER 6 
6.  THE MEASUREMENT OF TOPIC SPECIFIC PCK  
Extracts of work done by pre-service teachers during the intervention were shown in the 
previous chapters to illustrate the nature of the discussions in class. These were, however, 
discussed independently of each other and perhaps broadly rather than deeply. In this 
chapter, measurement of Topic Specific PCK is discussed using the tool outlined in Chapter 4.  
The data sets collected for pre- and post-tests are analyzed quantitatively and compared, to 
determine the overall impact of the intervention.  Furthermore, qualitative analysis is 
conducted to illuminate cases of developing Topic Specific PCK.  The chapter formulates a 
response to the Research Question - To what extent does the explicit inclusion of the 
knowledge components, considered to transform SMK, influence the development of topic 
specific PCK of pre-service teachers?  
6.1 Measuring Topic Specific PCK in Chemical Equilibrium 
The tool on Topic Specific PCK in chemical equilibrium was administered as a pre- and post-test 
in the intervention described in Chapter 5.  The pre-test was run in the first session of the 
intervention, following the presentations that introduced the programme and the considerations for 
the code of ethics.  Biographical information about the participants was captured on the first page 
of the test, while the responses to the test items were captured in a written form in the spaces 
provided within the tool.  The test was written in my presence as a researcher, available to provide 
assistance in terms of the logistics of administering the test.  The time taken by the pre-service 
teachers to complete the pre-test was about 60 minutes.  The post-test was administered in the last 
session of the intervention, session 14.  Other than a different cover sheet and a different date, the 
post-test was identical to the pre-test.  The administration of the post-test was also carried out in a 
similar way to the pre-test, where the responses were captured as written answers within the tool.  
The pre-service teachers were informed in time, of the Topic Specific PCK test to be administered 
in the last session of the intervention; however, neither the nature of the test nor its similarity to 
the pre-test was discussed.  As with the pre-test, the duration of the post-test was about 60 
minutes.  The completed tools for both pre- and post-test were assigned distinctive identifier codes 
and duplicated for scoring and validation.   
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6.2 Quantitative Analysis of Topic Specific PCK Measures 
As alluded to in Chapters 3 and 4, a rubric was used to score the responses in the completed Topic 
Specific PCK questionnaires.  Three rules were used to score the responses of pre-service teachers 
in the completed Topic Specific PCK tool.  The rules are similar to those used in the scoring of 
the responses for the validation of the tool in Chapter 4.  For ease of discussion, they were - (1) 
Each question is to be scored singly by assigning a score corresponding to the category in the 
rubric where most criteria are met; (2)  A question with no response is to be assigned the lowest 
score;  (3) a question with responses falling across two categories that are close to each other, is to 
be scored by checking the gate-keeping criteria which are shown in yellow shading for each 
category.   Figure 6.1 shows an extract showing criteria for scoring two of the five components 
listed above.   The components shown in the extract are different to those shown in the extract in 
Chapter 4 to provide a comprehensive picture of the tool.  As indicated in the previous chapter, 
the full rubric is shown in Appendix J.  
 
Figure 6.1: An extract from the rubric used to score responses in the TSPCK tool 
While the class had a total of 17 pre-service teachers, one (1) pre-service teacher joined the class 
late in the programme, where discussions had progressed to Session 4.  As a result, the pre-test 
was not done and her post-test scores were excluded from the sample, as the statistical program 
used (see discussion later) requires paired data. The rubric scores for both pre and post-tests of the 
16 pre-service teachers were peer validated by two independent raters.  An agreement of 85% was 
achieved among the raters and my scores.  The agreement was calculated in similar manner as 
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described in Chapter 3 (Section 3.7.1) and first applied in Chapter 4 in validating the Topic 
Specific PCK tool. 
The raters and I debated responses which were scored differently, to resolve their scoring by 
consensus.  One major difference was recorded in one case, where the responses of one pre-
service teacher to question 1 in the tool, comprised of two questions measuring misconceptions, 
generated category coding too far apart for the one question.  The issue was resolved by consensus 
to consider the coding of the one question where raters agreed.  A set of a completed pre-tests and 
post-tests, with the corresponding marked rubrics, is attached as Appendix O for illustrative 
purposes.    
6.2.1 The raw scores 
The scores recorded from the marked rubrics for the pre- and post-test for each pre-service teacher 
is presented in Table 6.1 below:  
Table 6.1:  Raw scores generated from responses in the pre- and post-tests 
*Pre-service 
teachers 
Learners 
prior 
knowledge 
Curricular 
saliency 
What is 
difficult to 
teach? 
Representations Teaching 
strategy 
 Pre Post Pre Post Pre Post Pre Post Pre Post 
PM (Sipho) 3 3 2 3 3 3 2 3 1 3 
SM (Mushe) 3 4 2 4 4 3 1 4 1 3 
PPM (Tini) 4 3 1 3 3 3 1 3 1 3 
TSM (Themba) 3 4 3 2 3 2 1 2 1 3 
JDL (Nhleko) 3 4 2 3 2 2 1 1 1 3 
BM (Ben) 4 3 1 3 2 3 1 3 1 1 
NG  (Hloni) 3 3 1 3 3 2 1 1 1 1 
PMT 3 4 2 3 2 4 1 4 1 3 
LLM (Lebo) 2 3 2 2 2 2 1 1 1 1 
KGS (Shoni) 3 4 1 3 2 2 1 4 1 2 
JS (Noli) 3 3 1 2 1 3 1 2 1 1 
MC (Shepard) 2 3 1 3 2 3 1 4 1 3 
MM (Khaya) 2 2 1 2 2 3 1 2 1 2 
BS (Promise) 2 2 2 3 2 3 1 2 1 2 
ZS (Zen) 2 1 1 2 1 3 1 1 1 1 
KM 2 3 1 3 1 3 1 3 1 1 
* The order in which the pre-service teachers are presented is based on descending order of Rasch 
measures in pre-test (see Table 6.2 below) 
The raw scores were re-arranged graphically per knowledge component to determine emerging 
patterns by inspections.  The graphs are represented below collectively. 
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Figure 6.2: Pre-service Teachers' rubric scores on 
the Learners' Prior Knowledge Component (N=16)
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Figure 6.3: Pre-service Teachers' 
rubric scores on the Curriculum 
Saliency Knowledge Component 
(N=16)
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Figure 6.4: Pre-service Teachers' 
rubric  scores on the What is difficult 
to teach knowledge component 
(N=16)
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Figure 6.5: Pre-service Teachers' rubric scores on the 
Representation Knowledge Component (N=16)
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Figure 6.6: Pre-service Teachers' rubric scores on the 
Teaching Strategies Knowledge Component (N=16)
Teaching strategy
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Teaching strategy
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On inspection of the graphs, it appears that pre-service teachers experienced a gain in knowledge 
across all the knowledge components to different degrees. The greatest gains appear to have 
happened in the Curriculum saliency, Representations and Teaching Strategies knowledge 
components, as seen from the high proportion of multiple level changes from the pre- to the post-
test.  The cases where the score changes from 1 to 3 and from1 to 4 are predominant (See Table 
6.1 and Figures 6.3; 6.5 and 6.6).  The pattern is less pronounced in the Learners’ Prior 
knowledge and What is difficult to teach knowledge components, as there are largely single or 
small level changes across the pre-/post-tests. It also appears that pre-service teachers began the 
intervention with a much higher understanding of the Learners’ Prior Knowledge component, 
compared to the other four. This is seen from the high value scores (score 3 prevalent) registered 
in the pre-test of the Learners’ Prior Knowledge Component.  However, all these observations 
would need to be confirmed, following further statistical quantitative and in-depth qualitative 
analyses below.  Nonetheless, the above observations by inspection have provided an overview of 
the likely patterns to emerge from the analyses of the data.  First, the scores were captured for 
statistical analysis and qualitative data selected for in-depth analysis 
 
6.2.2 The conversion of raw scores to Rasch measures 
The above-listed raw scores as generated from the rubric were captured into the Rasch statistical 
Winstep software for analysis.  As discussed in Chapter 3 and illustrated in Chapter 4, the Rasch 
statistical model transforms the raw scores from the rubric into probability measures that are 
placed on a scale with equal intervals.  That is, the values of the raw scores, as read off the rubric, 
recorded for each person are converted into a single ability measure.  The calculated ability 
measures of all the participants in the sample are on an equi-distant scale. This enables the 
establishment of a rank order for the persons participating in the test.  A rank order for the test 
items is also established statistically from these measures.  The item difficulty measures and the 
reliability indices, calculated from the raw scores in Table 6.1, are shown in Table 6.2 below.  The 
first column reflects the identifier code assigned to each pre-service teacher in the programme.  
The abbreviation ‘Pre-TSPCK’, a heading in the second column, refers to the Rasch person ability 
measures calculated from the captured rubric scores for the pre-test.   
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Table 6.2:  The person Rasch scores of the pre- and post-Topic Specific PCK test (N=16) 
          Fit statistics for 
persons 
 Fit statistics for persons 
*Pre-service  
teachers 
Pre-TSPCK 
 Rasch 
measures 
IN. 
ZSTD 
OUT. 
ZSTD 
Post-TSPCK 
 Rasch 
measures 
IN. 
ZSTD 
OUT. 
ZSTD 
PM (Sipho) -0.01 0.251 0.3511 1.15 -1.3098 -1.3998 
SM (Mushe) -0.01 0.9016 0.8115 3.52 -0.3593 -0.3893 
PPM (Tini) -1.15 1.0117 0.8416 1.15 -1.3098 -1.3998 
LLM (Lebo) -0.01 0.5512 0.5412 -1.99 -1.4496 -1.1996 
JDL (Nhleko) -2.35 -0.9797 -0.2897 -0.1 1.9827 1.8026 
BM (Ben) -2.35 1.2619 0.8216 -0.1 -0.3193 -0.5695 
NG (Hloni) -2.35 0.211 0.2707 -1.54 -0.1692 -0.2692 
PMT -2.35 -0.9797 -0.2897 3.52 -0.0391 -0.0091 
TSM 
(Themba) -3.64 0.5512 0.4209 -0.1 1.3219 1.4121 
KGS (Shoni) -3.64 -0.9397 -0.3498 1.15 1.4322 1.5623 
JS (Noli) -5.21 1.1921 0.6112 -1.09 -1.5697 -1.3997 
MC 
(Shepard) -5.21 -0.9498 -0.5399 1.89 0.191 0.281 
MM (Khaya) -5.21 -0.9498 -0.5399 -1.09 -0.7394 -0.4093 
BS (Promise) -3.64 0.5512 0.4209 -0.62 -0.4393 0.0209 
ZS (Zen) -7.23 -0.8098 -0.5699 -2.48 1.4319 0.9516 
KM -7.23 -0.8098 -0.5699 -0.1 -0.3193 -0.5695 
Summary of 
Reliability Indices 
Mean Person Pre- 
Person Reliability 
Item Reliability 
Infit/Outfit Indices 
-3.22 
0.65  
0.96 
All within  
+2;-2 range 
Mean Person Post- 
Person Reliability 
Item Reliability 
Infit/Outfit Indices 
0.20 
0.73 
0.76 
All within +2;-2 
range 
*The order in which the pre-service teachers are presented is based on descending order of Rasch measures 
in pre-test. Item measure mean set to zero & Units per Logit =1 for the entire test (UIMEAN=0 and USCALE =1) 
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Similarly, the abbreviated heading ‘Post-TSPCK’ refers to the Rasch person ability measures 
corresponding to the post-test scores.  The headings ‘IN.ZSTD’ and ‘OUT.ZSTD’ refer to the 
standard range of parameters that measure fit statistics.  These are indices, within which scores 
should fall, that work together to measure a single construct.  It is important to recall at this point 
that the Rasch Model is based on an assumption that all the test items in a tool work together to 
measure a single variable (Bond & Fox, 2001, p. xx).  They also have a hierarchy of level of 
difficulty. Therefore, each person's response pattern must be examined for ‘fittingness’, i.e. the 
response is assessed for whether the person was responding in an acceptably predictable way, 
given the expected hierarchy of responses (Wright & Masters, 1982). Therefore, the fit statistical 
parameters ‘IN-ZSTD and OUT.ZSTD’ measure the coherence of the responses of the persons to 
the level of difficulty of the items.  The values assigned to these parameters are +2 for the 
‘IN.ZSTD’ and -2 for the ‘OUT.ZSTD’.  Values of ZSTD calculated for each person’s response, 
falling within the range +2 to -2, are considered ‘fitting’ and working together to measure a single 
construct  and therefore valid.  Since the Topic Specific PCK tool was relatively new, it was of 
particular interest to investigate the performance of the items and persons with respect to 
reliability, and compare the values to those obtained during the validation of the test in Chapter 4.  
Such a comparison builds a reliability profile of the Topic Specific PCK test.  
The Rasch measures for the pre- and post-tests, as illustrated in Table 6.2 above, reflect good 
reliability for both the person ability and item difficulty indices. In the case of the pre-test, the 
person reliability was calculated at 0.65 and the item reliability was calculated at 0.96.  Similarly, 
for the post-test measurements, the indices were found acceptable at 0.73 and 0.76, respectively.  
Wright and Masters (1982, p. 144) point out that there are advantages to using the person, as well 
as the item reliability indices as provided by the Rasch Statistical Model, in comparison to the 
traditional  internal consistency coefficients, such as the Cronbach Alpha or KR 20 indices.  The 
authors argue that coefficients such as the Cronbach Alpha or KR 20 indices are all estimates of 
the “true person variance”, while in the Rasch model, the average person measurement variance is 
first subtracted from the observed person variance, yielding a person variance that is adjusted for 
measurement error.  This means that the calculated SE (standard error) is independent of the 
sample.  It is a characteristic of the set of items that make up the test.  It determines how precisely 
the ability of any person whose response pattern fits, can be estimated from their particular score 
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on this test, regardless of the sample to which she may belong (Boone & Rogan, 2005, p. 36). As 
both kinds of reliability indices are high for both sets of tests in this study, they reflect confidence 
in the functionality of the Topic Specific PCK tool used.  Furthermore, all the Z STD (infit and 
outfit) statistics values for the persons are in the acceptable range of (+2;-2) for both the pre- and 
post-test measures.  It can, therefore, be stated that none of the pre-service teachers’ responses are 
significantly problematic in both the pre- and post-test set of measures, and that they all fit the 
assumed one-parameter model, which is the Topic Specific PCK construct measured in this case.  
This established functionality further adds credibility to the reliability and the validity profile of 
the tool, as the above measurements constitute a different context to that described in the 
validation of the tool in Chapter 4, with a different set of data that produced acceptable indices 
and validity.  
 
6.2.3 The Rank order for Rasch measures 
As indicated in the discussion above, the Rasch model allows the establishment of a rank order 
among both the items and persons of the test.  The item rank order for the captured data is shown 
in Table 6.3 below.  
Table 6.3: Ranking of components of the Topic Specific PCK tool using item Rasch measures 
 
Topic Specific 
PCK Test 
Learner Prior 
knowledge 
What is difficult 
to teach 
Curricular 
Saliency  
Representations Teaching 
Strategies 
Pre-test 0.50 0.51   0.60   5.06   6.43   
 LPK       < WDT       <     CS       <     R           <  TS 
Post-test -1.29     -0.48     -0.12 0.38     1.52 
 LPK       < WDT        < CS       <     R            <   TS 
Change 1.79 0.99 0.72 4.68 4.91 
Item measure mean set to zero & Units per Logit =1 for the entire test (UIMEAN=0 and USCALE =1) 
 
The results show that in both the pre- and post-test the components are similarly ranked, with the 
components Representation and Teaching Strategies experienced to be most difficult.  It is 
important to recall that the Rasch values reflected in the above table are a measure of difficulty 
experienced by the respondents.  The higher the Rasch value the more difficult the item is.  In 
both ranks, the ‘Learner Prior knowledge’ component is ranked least difficult and the ‘Teaching 
Strategies’ knowledge component the most difficult.  This order is in accordance with the 
expected order as outlined in Chapter 5 that the ‘teaching strategies’ knowledge component 
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requires simultaneous understanding of the other components, hence its high location in the order 
of difficulty.  The understanding of learners’ prior knowledge component is ranked least difficult 
as it could be similar to experiences that the pre-service teachers experienced themselves as 
learners (Kennedy, 1999).  According to Wright and Masters (1982), the similarity of the 
theoretical order to the empirical order of difficulty adds further evidence of validity of the 
measured construct.  The authors (Wright & Masters, 1982, p. 93) wrote the following to this 
effect:  
‘The pattern of item calibrations provides a description of the reach and hierarchy of the 
variable. This pattern can be compared with the intentions of the item writers to see if it 
confirms their expectations concerning the variable they wanted to construct. To the extent 
that it does, it affirms the construct validity of the variable’. 
When comparing the Rasch values of the knowledge components in the pre-test rank, more is 
revealed.  The Representations and Teaching Strategy knowledge components have much higher 
Rasch values than the other components. This means that pre-service teachers experienced 
reasoning of concepts through the ‘Representations’ and ‘Teaching Strategy’ components as most 
difficult at the beginning of the intervention. Yet the use of ‘Learners’ Prior Knowledge’ 
component was found easiest, as seen from its lowest Rasch value.  Furthermore, when comparing 
the pre-test values to those of the post-test, it is noticeable that the difference between the values 
is much higher for these two knowledge components (Representations at 4.68 and Teaching 
Strategies at 4.91, respectively).  The values have actually decreased, meaning these items were 
found easier to reason through in the post-test.  This pattern is similar to that observed with raw 
scores in Table 6.1 and Figures 6. 5 and 6.6, where these two components registered multiple 
level changes (from score 1 to score 3, and even 4 across the pre-/post-test). This suggests that 
pre-service teachers experienced most improvement in reasoning concepts of Chemical 
Equilibrium through Representations and Teaching Strategies. This outcome is remarkable, given 
that pre-service teachers found these two knowledge components actually the most difficult at the 
beginning of the intervention. The results further indicate that pre-service teachers found the 
discussions, with respect to the Curricular Saliency knowledge component, easier than at the 
beginning of the intervention. It is further noted in both ranks that pre-service teachers 
consistently experienced the engagement with Learner Prior Knowledge component the least 
difficult.   
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6.2.4 The comparison of Rasch measures for significance difference 
It is important to understand that each Rasch analysis, as in the case of pre and post-tests, 
generates its own common scale for person and item measures. Therefore, it is not accurate to 
directly compare the person responses from the one test to the other unless the scales are first 
equated (Wright, 1996).  Morrison and Fitzpatrick (1992) indicate that one of the ways of 
equating a test in the Rasch statistical model is to use a fixed base procedure – also known as 
anchoring.  
Table 6.4: Stacked data – person measures from anchored TSPCK pre and post- tests  
 TSPCK Pre-test TSPCK Post-test 
 MEASURE ERROR MEASURE ERROR 
PM -0.01 1.05 4.35 1.08 
SM -0.01 1.05 10.68 1.95 
PPM -1.15 1.09 4.35 1.08 
LLM -0.01 1.05 -4.05 1.22 
JDL -2.35 1.11 1.75 1.25 
BM -2.35 1.11 -2.46 1.25 
NG -2.35 1.11 1.75 1.25 
PMT -2.35 1.11 10.68 1.95 
TSM -3.64 1.18 1.75 1.25 
KGS -3.64 1.18 4.35 1.08 
JS -5.21 1.33 -0.98 1.15 
MC -5.21 1.33 5.61 1.2 
MM -5.21 1.33 -0.98 1.15 
BS -3.64 1.18 0.29 1.15 
ZS -7.23 1.53 -5.5 1.22 
KM -7.23 1.53 1.75 1.25 
Mean -3.22  2.08  
 
In anchoring, the first step is to calibrate the base test form, and then the new test form is 
calibrated by fixing the item difficulty parameters for the common items obtained from the 
calibration of the base test.  In this study, the pre-test was regarded as the base test. The item 
difficulty measures of the pre-test were anchored and used to equate the scale of the post-test.  
The person ability measures generated from the pre-test and the post-test with anchored item 
difficulty measures are referred to as stacked data (Wright, 2003) and shown in Table 6.4 above 
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(more details in Appendix P).  The person measures are then on a similar frame and maybe 
compared. 
 
The person ability measures generated from the equated tests in Rasch analysis were subjected to 
the Wilcoxon Paired Signed Rank test, using the QI Macros (version 2012).  The analysis was for 
measurement of the magnitude of the difference between the pairs of observations. In this test, the 
difference is based on the rank order of the differences, rather than the actual value of the 
differences in the paired data.  The latter refers to the fact that the data compared are naturally 
linked, and arise from the same persons being measured more than once for the same construct.  A 
typical example, for such a case, is the pre- and post-tests following a treatment as in this study.  
The Wilcoxon Paired Signed Rank test is a non-parametric equivalent of the paired t-test. 
However, unlike the t-test, the main distributional assumption in the Wilcoxon paired ranked test 
is that the data does not follow a normal distribution.  The normal distributional assumption is 
avoided in the Wilcoxon signed rank test, because as mentioned above, the test is based on the 
rank order of the differences rather than the actual value of the differences.  The test is suitable for 
use in the analysis of the data in this study, because of the pre-/post-nature of the data and the 
small size of the sample. Analysis is best served by non-parametric techniques (Conover, 1980). 
The analysis is presented in Table 6.5 below. 
Table 6.5: Summary statistics for calculation of significance difference  
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The analysis shows that the computed p-value is (0.001) lower than the significance level 
alpha=0.01, indicating that there is a significant difference at 0.01 (99%) level between the pre- 
and post-measures.    
The results indicate a significant difference of the paired data at 0.01 level.  This means that the 
pre-service teachers improved their Topic Specific PCK for Chemical Equilibrium significantly, 
with 99% confidence.  The largest improvement occurred for the Representations and the 
Teaching Strategies knowledge components.  While this finding is statistically valid, it is, 
however, limited in exposing episodes of developing Topic Specific PCK.  An understanding of 
the environment promoting such moments is of importance to the aim of this study.  It is therefore 
important to illuminate through qualitative analysis, the learning path through which the noted 
improvement in the quality of Topic Specific PCK was forming.  It is hoped that such an 
exploration may bring to the fore, tacit aspects that are at play when engaging with the knowledge 
components of Topic Specific PCK. The discussion below explores a bank of qualitative data 
collected during the intervention for evidence of the developing Topic Specific PCK and the 
environment in which such evidence is displayed.  The data is comprised of a mix of written and 
audio recorded class activities, as well as individually written assignments and focus group 
discussions.  
6.3 Qualitative Analysis for Developing Topic Specific PCK 
 Qualitative analysis of the student work collected during the intervention indicates a number of 
instances where growth in the specific knowledge components of Topic Specific PCK on 
chemical equilibrium occurred. A few scenarios by component of Topic Specific PCK are 
discussed below.  As the class was organized in four permanent groups, focus in discussing the 
selected scenarios is placed on a selection of four students from each of the groups, for depth and 
tracked progress analysis. Thus, there are cases where the group effort is selected and some where 
the individual effort is selected for analysis, as are clearly indicated in the discussion below.   The 
students selected were the participating students lifted from the three different groups into which 
the class was organized. 
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6.3.1 Developing Topic Specific PCK when engaging with Learners’ Prior Knowledge 
The aspect of expressing reactions that are at chemical equilibrium using single or double arrows 
or double arrows of unequal lengths, was identified by pre-service teachers as carrying potential 
misconceptions for learners, and, in the process, revealed their own misconceptions.  Chapter 5, 
Figure 5.1 showed how, at the early stages of the intervention, pre-service teachers carelessly used 
the single arrow interchangeably with the double arrow to refer to reactions in both closed and 
open systems.  Following below for analysis are two text extracts, lifted from the posted chat 
messages that students exchanged over a discussion, supported by a computer platform called 
Blackboard Ignite (BB Ignite).  The discussions were conducted on a voluntary basis outside the 
formal time of the sessions allocated for the intervention. Two such discussions were initiated 
where, as a researcher, I posted a question or a problem for live chat-room discussion.  The BB 
Ignite facility allows students to respond to each other through text messages, which were then 
saved and downloaded for analysis. Figure 6.8 below shows a chemical equation with unequal 
double arrows used to represent the state of chemical equilibrium of the reaction.  Students were 
requested to share their understanding, as they reasoned through the meaning expressed by the 
equation.  This equation is contained in the Achievement tool; it was chosen for discussion 
following the observed poor performance in the pre-test.   
 
                        
 
Figure 6.7: A reaction at equilibrium expressed using double arrows that are unequal 
Following below are the extracted texts of the discussions: 
Student Shepard: 
I feel that for me when the arrows are not equal they do not in any way show me that the reaction 
is at equilibrium, obviously considering the definition of a reaction at equilibrium because if I see 
these arrows I would consider the speed (of the forward), the yield (of products), and the value of 
K, the current state of equilibrium in terms of pressure, volume, and temperature. 
The arrow is confusing because it has many aspects to it. So the fact that the arrows are not equal 
implies a lot of things, thus they have to be clearly defined because they are confusing. 
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Equilibrium can be seen as equal on both sides (why are the arrows not equal?), equilibrium can 
be seen as balance why aren’t the arrows balanced? 
I think it is important to define what learners ought to know in order to clear out confusion from 
learners. Learners should know what a single arrow means and should know what a double arrow 
(in opposite directions) in equilibrium means. I don’t think it necessary to confuse learners with 
arrows unless you are going to ask clearly laid out questions. I don’t really know how I would 
introduce this but I think learners have to be told form the beginning the difference in the kinds of 
equilibrium. [BB Ignite Discussion 6.1: Sheet Student Shepard] 
In the above extract, there is evidence that student Shepard is expressing his thoughts about his 
understanding of the meaning of ‘a state of chemical equilibrium’.  Although admitting to 
confusion in his understanding, he courageously uses the opportunity to engage succinctly 
articulating his concerns. In the process of reasoning he exposes other misconceptions that he 
holds which are similar to those hinted by Treagust and Tyson (1999), that ‘..equilibrium can be 
seen as equal on both sides (why are the arrows not equal?), equilibrium can be seen as balance 
why aren’t the arrows balanced?’. He concludes his comments by reflecting about the 
implications for teaching this aspect of Chemical Equilibrium. He expresses his own lack of 
confidence in the matter.  He continues further to point out potential problematic areas for learners 
and most essentially identifying what is important to clarify for them.   This scenario presents 
evidence that the consideration of misconceptions and conceptions of a given topic when planning 
to teach it, creates the opportunity at least to review one’s own understanding about the content 
and triggers questions about teaching strategies to use.  In a way, such considerations points to the 
beginning of  reasoning about content and the advantage of engaging in the teaching of content in 
this particular way.   
In the same BB ignite chat room discussion group, student Themba wrote: 
In actual fact the “arrows” is another way of explaining that both sides of the equation are in 
equilibrium. To make this even simpler we can make an example of two pupils of the same weight 
sitting of the seesaw.  If for example arrows visually appear to be unequal or longer than each 
other, leaners may think that the longer arrow for example that is pointing forward means the 
forward reaction is faster than the shorter arrow that is pointing backward. To introduce this 
lesson, I can use the teaching aid as the seesaw with two people of the same mass of each side. I 
shall therefore explain to the leaners what makes the seesaw not to favour a certain individual if 
their weights are the same. [BBIgnite Discussion 6.2: Sheet Student Themba]   
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Unlike Shepard, student Themba’s conception of meaning of reaction arrows appears to be in 
place, as seen from his confirmation that the reaction is at equilibrium despite the unequal lengths 
of the arrows.  However, he does not provide a specific statement directed at the meaning of the 
unequal arrows.  Nonetheless, one can rule out confusion to mean different rates/speed of the 
reactions at equilibrium, as he identifies the conception as a likely misconception that students 
may develop.  His suggestion of an analogy to introduce this particular aspect of content, points to 
an emerging effect, where pre-service teachers start to think of the implications for teaching as 
they engage in reasoning about misconceptions of a topic.  This observation is similar to that 
made in Shepard’s statement where he expressed concerns about potential misconceptions and 
confusion that learners may develop.  While the suggested teaching strategy made by Themba 
may not be ideal, as the issue of equal weight may perpetuate the misconception about equal 
amounts of reactants and products at chemical equilibrium, and the fact that the analogy does not 
confront the identified potential misconception about a faster forward reaction at equilibrium, 
nonetheless the realization and the effort to present content in a different form, other than mere 
transmission, is highly commendable.   It is noted that in both cases, pre-service teachers appeared 
to identify potential misconceptions and confusion by learners with relative ease.  This 
observation supports the finding in the quantitative analysis (Table 6.3), where the knowledge 
component on Learners’ Prior Knowledge was found least difficult by pre-service teachers in 
both the pre- and post-test. 
6.3.2 Developing Topic Specific PCK when engaging in Curricular Saliency 
‘Curriculum Saliency’ as one of the five knowledge components of Topic Specific PCK was 
discussed as part of the intervention, as outlined in Chapter 5.   In one of the class activities, pre-
service teachers worked in groups of four to discuss the structure of the chemical equilibrium 
topic with regard to identifying main ideas, subordinate concepts and sequencing.  Given below 
are extracts from the effort of the different four groups identified by the name of their 
representative.  Figure 6.8 is an extract of the written attempt by Shepard’s group to identify the 
main ideas (concepts) in chemical equilibrium. This extract is a collective effort of a group where 
student Shepard was placed. The groups were asked to present one table that represents their 
discussions as a group. This activity was conducted much earlier in the session as a way to assess 
the prior knowledge of pre-service teachers in this aspect.  
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Figure 6.8: Student Shepard’s group: Early in the intervention- identifying main concepts 
                                                                             [CA:CS,Sg] 
 
This representation is similar to the verbal presentation by student Shepard, transcribed in Chapter 
5, Audio 5.2, re-presented below. 
We are going to… our main ideas are Chemical Equilibrium under which we have dynamic 
equilibrium and Physical Equilibrium under which we have static equilibrium. Eh…also 
similarities and differences.  We move to Le Châtelier’s principle still on our main ideas.  Under 
it we will speak of factors affecting equilibrium.   ..Equilibrium law under we have mass action 
expression, the quotient and then Kc   …We also have as our main ideas rate of reactions, yes 
obviously involving a catalyst and all that…still under Le Châtelier’s we will speak of factors 
affecting equilibrium temperature, pressure and concentration. And then lastly solving 
equilibrium problems, Eh.. introducing learners to equilibrium constant and calculating that and 
application of equilibrium principles.[Audio Transcript 5.2: Session 5; Student Shepard’s Group]  
 It is also noted from the written presentation that the group’s suggestion for main ideas constitute 
a mix of concepts that are indeed main ideas with those regarded as subordinate concepts.  From 
the suggested list in Figure 6.3, concepts such as the Dynamic Chemical Equilibrium and the 
disturbance of chemical equilibrium may be regarded as main ideas, while Le Châtelier’s 
principle and Equilibrium calculations are considered subordinate since they serve as a tool (‘rule 
of thumb’) to predict or measure aspects related to the main ideas but carry no explanatory power 
in-themselves (conversation with experts in Science Education, Professors Bradley and Rollnick, 
2012). The Equilibrium Constant is regarded by experts 6 (Bradley and Rollnick, 2012) in Science 
Education as a main idea in chemical equilibrium however, it is noted that the group had classified 
                                                             
6 Verbal communications held with two professors in Science Education, specializing in chemistry, February 
2012) 
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it as a subordinate concept.  The suggestion of reaction rates as one of the main ideas for the topic 
of chemical equilibrium indicates a further confusion with concepts belonging to another topic 
called Kinetics.  A similar observation is noted in Themba’s group in Figure 6.9 below, where 
subordinate concepts such as calculating the value of Kc is erroneously regarded as one of the 
main concepts. 
 
Figure 6.9: Student Themba’s group (second group): An attempt at main concepts 
                                                                                           [CA:CS,Tg] 
 
Furthermore the suggestion incorrectly includes Thermodynamics concepts, specifically the 
exo/endothermic reactions.  The proposal by Mushe’s group in Figure 6.10 below has omitted the 
important discussion about the dynamic nature of Chemical Equilibrium. 
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Figure 6.10: Student Mushe’s group (third group): An attempt at main concepts  
                     [CA:CS,Mg] 
 
While reference is made to the Equilibrium constant Kc as a one of the main concepts, the 
description shows that the emphasis is placed on algorithmic calculations. The incorrect inclusion 
of Chemical Kinetics, as one of the main concepts of the Chemical Equilibrium topic, reflects 
confusion similar to the other two groups above.  Figure 6.11 below also shows the errors 
identified in the extracts of the other groups. 
 
Figure 6.11: Student Ben’s group (fourth group): An attempt at main concepts in  
                     [CA:CS,Bg] 
 
All four examples reflect confusion in the structuring of the topic and emphasis on algorithmic 
calculations. The observation may be attributed to the emphasis placed by the National 
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examination, year after year, on the algorithmic calculation related to the equilibrium constant Kc.  
The likelihood of this view was alluded to earlier in Chapter 5 by Student Nhloni in an audio 
transcript, where the influence of an examination in driving the teaching of a topic was explained 
as follows: 
Student Nhloni:  … ‘I think our answers are based on how is examined the chemical equilibrium. 
When you get in the exam room you find they have asked about factors disturbing equilibrium, the 
Le Châtelier’s principle, the pressure, they don’t explain what happens… So we are trying to fit 
with what is in the exam, we teach then what they had to know in order to answer the exam’. 
[Audio Transcript 5.3: Session 5 on Curricular Saliency; Student Nhloni; 58:18"-58:44"] 
 
Thus, in reasoning through a topic for its Big Ideas, pre-service teachers would not only have to 
develop better understanding of content for the topic, but confront the tendency to plan and teach 
for the national examination.   It is, however, positively noted that two of the four groups had 
recognized, even at the early stage of the intervention, the dynamic nature of chemical equilibrium 
as one of the main concepts in Chemical Equilibrium. Although this main idea was loosely 
articulated, both groups had placed it in the first column of their respective tables, suggesting 
consideration of sequence for the purpose of teaching (see Figures 6.9 and 6.10 above).  The 
understanding of this big idea - the dynamic nature of chemical equilibrium - is essential for 
further understanding of the other concepts in the topic. Therefore, its placement as first in the 
series reflects a sense of understanding sequencing for the purposes of teaching.  It is noted that 
the consideration for sequence appears to have emerged implicitly and naturally, while the focus 
was on another aspect of Topic Specific PCK, namely, organizing the topic into its big ideas.  A 
similar observation was noted in section (i) above, that considerations for teaching strategies by 
pre-service teachers emerged naturally when focus was on engaging with the Learners’ Prior 
Knowledge component, even before the knowledge component was discussed in class.   
 
From the above examples, it appears that pre-service teachers were experiencing difficulties in 
structuring the Chemical Equilibrium topic into its main and subordinate concepts. Following 
explicit discussions on aspects of curricular saliency and the introduction of the CoRe as 
described in Session 5,  pre-service teachers were given a task, in the form of a major assignment, 
where they were to use a CoRe as a tool to plan for teaching the topic chemical equilibrium 
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(Loughran et al., 2006). A CoRe challenges a teacher’s thinking about teaching a science topic 
based on the recognition of the ‘big ideas’ (main concepts) for that topic.   According to Nilsson 
and Loughran (2011, p. 4) a CoRe could help in creating glimpses into developing PCK of pre-
service science teachers as they actively develop their knowledge of practice in a specific content 
area.  The extracts of CoRes in Figures 6.12-6.15 below displays extracts from groups’ second 
attempts.  Students continued to work in their original groups in class, but were required to submit 
their assignments individually.  In the discussion below the analysis is based on individually 
submitted CoRes of the group’s members namely Shepard, Themba, Mushe and Hope in order to 
follow their developing understanding. 
 
Figure 6.12: Later in intervention: An extract from Student Shepard’s individual CoRe  
[MA:CoRe,Si] 
 
The CoRe of student Shepard now reflects several improvements when compared to his group’s 
effort on a similar activity early in the intervention (Figure 6.8).  Key changes include the 
identification of the concept of dynamic equilibrium and its association with closed systems.  
While the big idea in column 2 of figure 6.12 is presented as a question ‘What is Chemical 
Equilibrium’ there is evidence from the supporting text that the main concept of dynamic 
equilibrium is referred to.  Emphasis is now placed on conceptual meaning of the equilibrium 
constant Kc as seen from reference in column 4 above to conceptual understanding than solving 
mere algorithmic calculations.   The next extract of the CoRe discussed below is that of student 
Themba. 
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Figure 6.13: Later in intervention: An extract from Themba’s individual CoRe  
[MA:CoRe,Ti] 
 
Like student Shepard, student Themba as an individual has made similar improvements in his 
CoRe.  His description of intention about each of the identified big ideas is more articulate and 
has emphasis on conceptual understanding.  Unlike in the earlier group’s effort (Figure 6.9) the Le 
Châtelier’s principle is now recognized as a rule than a stand-alone main concept.  The extract of 
student Mushe’s CoRe is presented next below. 
 
 
Figure 6.14: Later in intervention: An extract from Mushe’s individual CoRe 
[MA:CoRe,Mi] 
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The extract of student Mushe’s CoRe also reflects much visible improvement from the group’s 
effort presented earlier in the intervention (see Figure 6.10).  Firstly, the big ideas have been 
identified in ‘sentence description’ form.  A format recommended by the authors of the ideas of 
CoRes and PaP-eRs (Loughran et al., 2004).  Secondly, as with students Shepard and Themba, 
there is a shift in emphasis on mere calculations to that of conceptual meaning.  It is also noted 
that student Mushe’s descriptions of intentions are much rich in connections of subordinate 
concepts for example an extract from columns 2 and 4 in Figure 6.14: “Explain that a state of 
chemical equilibrium is attained in reversible reactions, which occur in closed systems”  The 
connection between reversible reactions and closed system is explicitly emphasized as a condition 
for dynamic equilibrium to occur.  A similar kind of extended explanation of a subordinate 
concept is seen in Colum 4: “The meaning of reaction quotients which are calculated at any 
point”. 
 
 
Figure 6.15: Later in intervention: An extract from Ben’s individual CoRe  
[MA:CoRe,Bi] 
The extract from student Ben also displays improvement as compared to early attempts (Figure 
6.12).  Similar emphasis on conceptual understanding seen in the other three students is also 
evident.  In summary, all four students’ cases, Figures 6.12 to 6.15, the suggested big ideas are 
free from pollution with concepts from other topics.  There is an improved understanding and 
separation of main ideas from subordinating concepts.  All four pre-service teachers have left out 
the listing of ‘calculations of Kc’ as a main concept, and kept emphasis on the understanding of 
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Kc (equilibrium constant) as a main concept. This indicates a possible shift from algorithmic 
emphasis and the examination driven thinking observed in earlier attempts. Although the pre-
service teachers have organized their big ideas differently in respect to closed/open system and the 
dynamic nature of chemical equilibrium, the important message conveyed is that these concepts 
are acknowledged as key and placed first in the sequence.  The formulation of big ideas as short 
statements when creating a CoRe appears to be emerging, as seen from the exemplary CoRe by 
students Mushe.  This is a very positive development reflecting increased understanding of 
conceptual structuring of the topic.  While only the CoRes of the four individual students were 
analysed herein, they do, reflect in some ways the growth that has happened in the respective 
groups. Thus the noted improvement in the structuring of the topic into its main concepts and 
subordinate-concepts may be regarded as experienced by the class.  This improvement supports 
the noted quantitative gain in understanding of this knowledge component reflected earlier by the 
comparison of change in the component – curricular saliency in Figure 6.3 and the change in the 
pre/post-test Rasch measures in Table 6.3.   
6.3.3 Developing Topic Specific PCK when engaging in identifying ‘What is difficult to 
             teach’. 
With all things being equal the answer to the question ‘what is difficult to teach?’ in a given topic 
is expected to become easier with experience of teaching the topic.   When pre-service teachers 
were confronted with the question early in the intervention, it was no surprise that their answers 
lacked deeper engagement with the topic (Gess-Newsome, 1999a) and leaned more towards 
algorithmic options related to mathematical calculations (see Figures 6.16 – 6.19 below).   
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Figure 6.16: An extract -student Shepard:  A comparison of responses on what is difficult to teach 
                          [PCK1&2:Si] 
However, there is a considerable difference in their responses when asked the same question on 
completion of the intervention.  Their later responses reflect a shift from the algorithmic options 
towards a higher level of sophistication, where identification of specific content aspects as well as 
the actual nuisance that makes a concept difficult to teach is outlined. For example, students  
Shepard’s and Mushe’s  responses, in Figures 6.16 and 6.17 have shifted from choosing 
calculations as difficult to teach, to identifying the dynamic nature of chemical equilibrium and 
the closed and open systems as the content aspect that is difficult.  In his explanation (Figure 
6.17), student Mushe, succinctly identifies the specific issue that contributes to the difficulty as: 
“It is difficult to convince learners that closed system does not only mean a sealed container e.g. 
an open test tube can be considered to be a closed system.” 
 
Figure 6.17: An extract–student Mushe: A comparison of responses on what is difficult to teach                     
  [PCK1&2:Mi] 
   
Such an analysis reflects considerable growth in understanding of what Nilsson and Loughran 
(2011) calls professional knowledge of practice.  A further example that reflects insight into the 
teaching of a specific content is the explanation provided by students Shepard and Themba below 
who, like the pre-service teachers in van Driel and co-workers’ research report (1998), found the 
dynamic nature of chemical equilibrium difficult to teach.  Both students contrasted it with the 
static nature of physical equilibrium.  The extract of student Themba below, reflects a similar shift 
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where teaching the concept of dynamic equilibrium has been identified as difficult because of the 
fact that both forward and the reverse reaction happen simultaneously. 
 
Student Themba: Early in the intervention 
 
Student Themba: On completion of the intervention 
Figure 6.18: An extract- Themba: A comparison of responses on what is difficult to teach                                 
[PCK1&2:Mi] 
 
It is however noted, that while the choice of ‘calculations’ as the aspect that is difficult to teach is 
considered of a lower order than the choice for conceptual aspects, student Themba has identified 
‘moles’ and ‘molar mass’ as aspects that may be difficult to understand.  The identification of 
these concepts could reflect perhaps deeper understanding early in the intervention than initially 
thought. 
 
 
Student Ben: Early in the intervention 
 
Student Ben: On completion of the intervention 
 
Figure 6.19: An extract - student Ben: A comparison of responses on what is difficult to teach 
[PCK1&2:Bi]                             
Early in the intervention student Ben also identified ‘calculations’ as the aspect difficult to teach.  
However, unlike Themba there is no explanation of the actual aspect that makes the calculations 
to be considered difficult.  The RICE table is considered a very algorithmic way of dealing with 
changing concentrations.  The shift to identification of the dynamic nature of chemical 
equilibrium is noted as an improvement in conceptual analysis for actual aspects that are difficult 
to explain.  Overall, all four students improved in their ability to identify conceptual aspects that 
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are considered difficult to teach.  It is also noted that the comments, particularly from students 
Mushe and Themba, have shifted in ‘tone’ from pointing at the confusion of learners in the blame 
apportioning manner noted earlier in the intervention, towards the analysis of what is difficult to 
‘self’ (as the teacher).  The act of realizing the value of self-assessment and being comfortable to 
reflect on personal difficulties as a teacher is regarded as one of the actions performed by expert 
teachers as they reason through their teaching (Shulman, 1986, p. 19). It therefore, appears that 
through the experience of reasoning about the content and the creation of space for explicitly 
exploring the specific areas that are difficult to teach, individual pre-service teachers experienced 
not only growth in understanding of concepts that pose difficulty but also confidence to reflect on 
their own understanding. 
    
 6.3.4 Developing Topic Specific PCK when engaging in Representations 
The nature of discussions during the intervention with regard to this component (Representations) 
is given in Chapter 5 in detail.  Also provided in Chapter 5, in the context of the class activities, 
are some glimpses into the struggles and the improvement pre-service teachers made in using 
representations, especially to provide explanations at sub-microscopic level. In this section, the 
analysis is at two levels.   The first level is the interest on  the choices of representations students 
made from a list (shown in Figure 6.20 below) given in the pre- vs. post PCK tool.  There is 
specific emphasis on the provided reasons for the choices as well as the suggestions for how they 
would use the representation(s) in class.  The second level of interest examined on how pre-
service teachers may create their own sub-microscopic representations to explain the observed 
colour changes.  
Figure 6.20:  A list of representations from the Topic Specific Tool 
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Below are extracts of responses lifted out of the pre- and the post-test of the Topic Specific PCK 
tool for comparison. These are individual efforts of the same students from Section (6.3.1) above: 
however just three of the four are shown.  Their choices of representations as well as their 
suggestions on how they would use their choices in class are listed in Figure 6.21 below and 
compared. 
\ 
 
Student Shepard: Choice in Pre-PCK test 
 
      Student Shepard: Choice in Post-PCK test 
 
 
Student Themba: Choice in Pre-PCK test 
         Student Themba: Choice in Post-PCK test 
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Student Mushe: Choice in Pre-PCK test  
Student Mushe: Choice in Post-PCK test 
Figure 6.21:  Students Shepard, Themba & Mushe’s choices of representations 
                                                                                [PCK1&2:STMi] 
According to Shulman (1986, p. 16), choosing suitable representations involves thinking through 
the main ideas in the lesson and identifying the alternative ways of representing them to students.  
Figure 6.19 above, show s that at the beginning of the intervention, pre-service teachers could not 
engage with the listed representations in relation to their lessons or content.  It is however 
acknowledged that the lack of written responses in the pre-test could be for various reasons other 
than the one suggested above.  Unlike in the pre-test, the responses for the post-test as shown have 
detailed explanations of how the pre-service teachers would use and link the representations to the 
main ideas of chemical equilibrium.  For example: Student Shepard identified links between the 
open/closed beaker illustration to the main idea of closed/open chemical systems and the dynamic 
nature of chemical equilibrium.  While student Themba selected a different representation, he 
made an observable effort to link the non-observable aspect of the dynamic nature of chemical 
equilibrium to the non-observable equal rates of the stairs of the escalator and the opposite 
direction moving belt.  The effort to make a link between a representation and the actual content is 
a positive development.  According to Klafki (1958), in his didactic analysis of the reasoning 
process for instruction, the  ability to engage with content through illustrations and examples lies 
in the return to ‘the original situation’ (p.26), an effort well demonstrated by the pre-service 
teachers. Furthermore, the use of multiple levels of representations to offer alternative 
explanations of the singular aspect, as suggested in Student Shepard’s response, is  a practice 
regarded as ‘desirable’ by Shulman (1986, p.16).  Klafki (1958) in his discussion, identified the 
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purpose as the illustration to display the ‘model character of the elementary’ (p.26), that is the 
character of the concept being represented. Thus, the realization by Student Shepard of the need to 
bring representations that offer explanations at the different levels of understanding, is noted as 
another window illustrating the developing Topic Specific PCK.  It is further noted that the 
response by student Mushe reflects a unique extension illustrating the awareness of curricular 
saliency, where it is important according to the pre-service teacher, to communicate a specific fact 
about the state of equilibrium at a specific moment.  This is a warning to students that, while a 
closed system is a prerequisite for reaching a state of chemical equilibrium, a chemical reaction is 
not always at a state of chemical equilibrium when in a closed system. Such written comments 
indicate a thoughtful process by pre-service teachers, and the beginnings of rich knowledge 
evident of the different sources of other knowledge that have built it.  It should be noted at this 
point that the natural consideration of aspects of curricular saliency when the focus is on the use 
of representations is another case, a third case, reflecting dependence of the components of the 
Topic Specific PCK to each other.   The implications of this observation are discussed at the end 
of this Chapter, in the concluding remarks.     
 
In the above discussion, emphasis was placed on the comparison of efforts by pre-service teachers 
in using representations at the beginning of the intervention and at the end.  The discussion below 
however opens a window into the nature of the considerations in a class activity, as pre-service 
teachers wrestle through the use of sub-microscopic representations for a given purpose.  The 
activity required the groups to use sub-microscopic representation to explain the colour change in 
a NO2/N2O4 system as the temperature was changed.  As a start, Student Themba’s group put 
down the chemical reaction of the system as shown in Figure 6.22 below. 
 
 
Figure 6.22: Student Themba’s group: An attempt to represent the N2O/N2O4 at symbolic level 
[CA:REP,Tg] 
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Needless to say their sub-microscopic representation, reflecting the stoichiometry of the reaction, 
had no key for the atoms represented.  However, in bypassing the error, the transcript of their 
recorded discussion below unveils the hidden path of developing knowledge that would have been 
missed out from only the comparison of the before and after products.  Following below is the 
transcript of the recorded audio voices. 
Student Shoni:     What were you thinking? 
Student Zen:      The mass concentration thing [concept]. 
Student Themba:  Sure 
Student Zen:        In that thing nê, the mass[total mass in a reaction] never changes, right 
Student Themba: Ja 
Student Zen:        So as it[mass] not changing, as it not changing neh, it simply shows that the ratio 
between the reactants and products does not change,  
Student Themba: The ratio is changing, Ja it is not changing, yes 
Student Zen : Okay, if the ratio is not changing neh, representing that thing[the change in colour] 
means there won’t be any change  but now there must be something showing how, we 
moved from here [different colour] to here [different colour].  .and what is that thing?  
Student Themba: ..is the colour 
Student Zen : That is the colour. The question is how we represent the colour not the ratio. 
Student Shoni:   I don’t think you can ever do that 
Student Zen: So now if you can never do that it simply shows that this thing [ratio] will stay as it is 
will not change 
 Pause/silence 
Student Themba: Can I ask you a question 
Student Zen : Ja 
Student Themba: What does this representation represents?  I want to know whether it represents 
chemical equation or reaction 
Student Zen:: The thing is, the question is how we represent the colour?  
Student Themba: By drawing this funny staff [sub-microscopic representation] what are we exactly 
doing? 
Student Shoni: : Oh! you want to know what does this representation represents exactly 
Student Themba We must know what we are doing by drawing representation. That is important, how 
do we represent the change in the temperature? If we are saying more colour then we 
talk about concentration.  
Student Shoni: We should representing concentration, not the molar ratio 
Student Zen: Ja, representation of the concentration 
Student Themba: We must know what we are representing? Can represent anything, as long as you 
specify? I’m telling you. This is very important. 
Student Zen: How do we represent the temperature on its own, the change in the temperature? 
Student Themba: Must make sure that these are more [assuming..pointing at the sub-microscopic 
representation of either the NO2 or N2O4  molecule. 
Student Shoni : If you are representing concentration like Themba says then you can draw as many of 
these things as you want 
Student Themba: Yes, That is the point we must know what we are representing (repeats).  Right now we 
were representing the mole ratio when temperature decreases.  According to mass 
conservation nothing changes 
Student Zen: The confusion was were representing mole ratio,  but mole ratio never changes is 
going to stay 1:2, so how does it changes with temperature. But if you represent 
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concentrate then it will be greater than this.  
Student Themba: By this [sub-microscopic representation] we can represent anything as long as we 
state what we are representing, I’m telling you. 
[Audio Transcript 5.1: Session 5; Student Themba’s Group; 00:25"-05:55"] 
 
From the above transcript, it is evident that stoichiometry was regarded as an important factor for 
consideration when developing representations. When the stoichiometry is considered, the 
representations are limited to reflecting its aspect only.  This realization posed a challenge to the 
group, and they were required to dig deeper into establishing the important concepts at play when 
explaining a property such as colour.  That is, they explored the exact character to be represented 
by the illustration (Klafki, 1958). In their debate about what needs to be represented, they also 
recalled, reviewed and confirmed different content (molar ratio, concentration & colour) thought 
applicable to the situation.  Furthermore, the relationship of each conceptual aspect to colour was 
explored. This scenario indicates an opportunity the pre-service teachers experienced in testing 
and applying their subject matter knowledge in order to figure out what was important.  However, 
of great interest to this study is the developing ability of the pre-service teachers to home in on 
‘what is important’ in a given situation.  It is evident from the transcript that the outright 
communication of the nature of their representation illustrating concentration in this case, was 
considered ‘important’ in the entire activity. According to Geddis and Wood (1996), the 
understanding of what is core and what is peripheral is characteristic of knowledge from which 
transformation of specific content emerges.  Thus, the representation created by the group, shown 
in Figure 6.23, is a product of a process of engagement with one’s own understanding of content, 
questioning, identifying what is important – an aspect of curricular saliency - and finally 
presenting a product/illustration that displays conceptual understanding in an alternative form.  
The representation below is more than a picture; it is a carefully created illustration with each 
feature telling its own story. The natural emergence of another component of Topic Specific PCK, 
curriculum saliency, at the time when something else is being focused, is again noted. While the 
group in their discussion acknowledged that the mass in the given reaction is conserved, the 
representation produced, however, violates the Law.   
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Figure 6.23: Themba’s group’s representations explaining change in colour    
[CA:REP,Tg] 
The representation at low temperature shows an increase in the total number of particles, as 
compared to the initial case at room temperature.  Judging from their transcribed discussions, the 
error may perhaps be assigned to their recognition of the non-changing stoichiometric ratio. They 
may have erroneously decided not to consider both aspects (stoichiometric ratio and mass 
conservation) in the representations. It is also possible that the issue of mass conservation slipped 
their minds, as they were putting the representation down on paper. The nature of the discussion 
and the error noted in the representation produced is a reflection of the kind of difficulty 
experienced by pre-service teachers, as shown by the high Rasch values in the quantitative 
analysis in Table 6.3.  Following further class discussions and feedback, the errors were pointed 
out to the group and rectified. Nonetheless, the process behind the production of the 
representations is crucial to this study.  The engagement with content to sort out what is 
important, and how it is to be represented indicates the processing of understanding into a version 
suitable for teaching, an important aim of this study.  
 
6.3.5 Developing Topic Specific PCK  when engaging in Teaching Strategies 
While the knowledge component ‘Teaching Strategies’ is regarded as encompassing the other 
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knowledge components of Topic Specific PCK , the discussion in sub-sections (i-iv) above, has 
shown in various ways the inclusion of at least one other component when distinctly engaged in 
another.  Teaching strategies as a component nonetheless, create natural opportunities to show 
consideration of other component simultaneously.  It is perhaps this facet that is regarded as most 
difficult.  Quantitative analysis in section 6.1, confirms this postulate empirically as seen from the 
highest Rasch values ‘for difficulty’ for this knowledge component. While there are instances that 
reflect the growth of pre-service teachers in this knowledge component, the latter however 
remained the most difficult, even in the post-test.  Excellence in this case is defined as suggestions 
of teaching strategies that has the following features: (i) awareness of prior knowledge, 
particularly common misconceptions; (ii) strategies to confront it and (iii)  evidence of use of at 
least two aspects of curricular saliency such as sequencing, emphasis on what is important/core, 
recognition of what not to discuss yet, recognition of pre-requisite concepts, etc. and (iv) use of 
macroscopic or symbolic representations together with sub-microscopic representations in 
explaining a single concept.  The efforts of the pre-service teachers in this component are best 
seen through the suggestions made in the CoRes and sample lesson outlines submitted as part of 
the major assignment towards the end of the intervention.  Four extracts are analysed and 
presented for discussion below.  The extract from Shepard’s lesson outline is first. 
 
  
Figure 6:24:  An extract from student Shepard’s lesson outline based on a CoRe  
[MA:TO,Si] 
The manner in which the brief lesson outline is written provides a sense of sequence in which the 
concepts will be taught.  Care will be taken to describe the emphasis on closed systems as the kind 
Shepard’s 
lesson 
outline 
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in which chemical equilibrium occurs. The deliberate omission of the phrase ‘rates’ in the 
definition is a demonstration of increased knowledge of aspects of curricular saliency knowing 
what to say when and knowing what to leave out. There is also reference to use of experiments to 
support the discussion on closed systems.  There is a further hint on use of drawings although not 
clear at what level of representations.  Furthermore one gets a sense of high involvement by 
learners such as in predicting.  The above listed features point to a well-reasoned teacher outline 
with manifestations associated with PCK.   
Following below is an extract from student Mushe with some features similar to that of student 
Shepard, however, limited in the provided description.  
 
Figure 6:25:  An extract from student Mushe’s lesson outline based on a CoRe  
 [MA:TO,Mi] 
It is noted that student Mushe’s lesson outline on introducing Le Châtelier’s principle refers to 
raising awareness of the limitation of the principle.  Student Mushe is suggesting using the 
expression of the Law of Equilibrium to check for applicability, as well as an additional 
mechanism to check for the effect of solids and liquids on chemical equilibrium.  Evident in the 
extract is the awareness to establish student’s prior knowledge, and the use of different conceptual 
principles to confront a common misconception about the applicability of the Le Châtelier’s 
principle.  However, the description is limited in terms of the other knowledge components about 
curricular saliency aspects, representations and evidence of identifying what is difficult to explain. 
Student Mushe’s omissions, in way illustrates one of the reasons for the teaching strategy 
component to be experienced as most difficult – that is knowing what aspects of teaching content 
to describe in the descriptions of suggested teaching strategies.   
 
Mushe’s 
lesson 
outline 
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The extract by student Themba given below, also reflects limited descriptions of knowledge 
associated with the knowledge components of Topic Specific PCK. 
 
 
Figure 6:26:  An extract from student Themba’s lesson outline based on a CoRe 
  [MA:TO,Ti] 
The extract from student Themba, reflects an effort to establish conceptual understanding through 
the use of experiments. I think the experiment outlined in the first bullet would be more suitable 
for establishing the difference of a chemical equilibrium system from a physical equilibrium 
system than for factors affecting chemical equilibrium.  Nonetheless it is a demonstration of a 
recognized strategy (Tyson & Treagust, 1999) to deal with common misconceptions.    
 
An extract from student Ben’s teacher outline is given below. 
 
Figure 6:27:  An extract from student Ben’s lesson outline based on a CoRe   
[MA:TO,Bi] 
Student Ben is showing awareness and targeting a potential misconception – that of equal 
concentrations at equilibrium.  Like, Tyson and Treagust (1999) student Ben is using practical 
experiments to demonstrate what is expected to happen at equilibrium.  Student Ben’s extract 
however displays a sense of sequencing as well as use of representations at symbolic level 
(graphs).  The symbolic representations are a further representation of the physical observations of 
the experiments at a macro-level.  Thus, in addition to recognition of students’ prior knowledge, 
Ben’s 
lesson 
outline 
Themba’s 
lesson 
outline 
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student Ben’s extra show evidence of use of representations.   
 
The extracts above indicate varying degrees at which the knowledge components of Topic 
Specific PCK were considered when thinking about teaching the topic.  Student Shepard then Ben 
seems to have gone to a larger extent in describing his teaching strategy in terms of the knowledge 
components than students Mushe and Themba.  Students Shepard’s lesson outline is richer in 
manifestations that show evidence of a plan for transformation of understanding.  It is noted that 
in cases where only a few components are considered the suggested teacher outline plan is weaker 
pedagogically.  In a way, this is another indication that all the proposed five knowledge 
components  of Topic Specific PCK are needed, and that they work together to result in a teaching 
plan, that reflects high quality of Topic Specific PCK. 
 
To further explore the nature of the experienced difficulty by pre-service teachers with the 
knowledge component of conceptual teaching strategies,   the responses suggested in the post tests 
of the Topic Specific PCK tool were analyzed.  It was noted that the responses could be placed in 
three categories.  The first category is comprised of pre-service teachers who could identify a 
particular misconception, but could not suggest a teaching strategy. An extract of such responses 
is given below: 
 
Figure 6:28:  An extract from student Khaya’s suggestion for teaching strategy (no suggestion)  
[PCK2:Ki] 
The second category is made up of pre-service teachers who could identify a misconception and 
provide a teaching strategy with minimal reference to one of the knowledge components of Topic 
Specific PCK (see extract below). 
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Figure 6:29:  An extract from student Promise’s teaching strategy (minimal suggestion)                                                                                        
[PCK2:Pi] 
The suggested strategy above hints at the use of only one knowledge component.  The extract 
refers to a conceptual teaching strategy that addresses students’ prior knowledge (misconception).  
The majority of the pre-service teachers were in this category.  Other than the suggested strategy 
there was no reference to the other knowledge components of Topic Specific PCK.   The third 
category the minority, comprise pre-service teachers who show evidence of knowledge which 
considers more than one component in their suggestions (see Figure 6:30 below). 
 
Figure 6.30:  Examples of Shepard’s response with reference to more than one component  
[PCK2:Si] 
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It is also acknowledged that the description of teaching strategy that includes all the criteria listed 
above, requires extensive descriptions and therefore more time.  It is possible that the pre-service 
teachers felt under pressure of time or simply ran out of steam, as this question was placed at the 
end of the tool. 
6.4 Evidence of Topic Specific PCK in Practice 
PCK as a construct, is reported to be seen not only in planning but also in practice.  According to 
Shulman (1986), the reasoning process extends beyond the transformation stage to include the 
actual act of instruction.  Everything done up to the point of plans for transformation of subject 
matter knowledge is but a rehearsal (p 16).  According to Shulman, the act of instruction 
consummates all the understanding and the processes of transformation into an act (p 16).  
However, the purpose of the study and the research design was such that observations and 
measurements were limited to the planning and reasoning stages of the teaching practice, falling 
short of observations of PCK in practice.  A number of studies have alluded to the importance of 
classroom experience in the development of PCK (Geddis, Onslow, Beynon & Oesch, 1993; 
Lederman, Gess-Newsome & Latz, 1994).  These and other studies suggest that beginning 
teachers acquire a bank of skills and new knowledge in becoming professional science teachers 
through practice.  In reference to the notion of specific topics, as relevant to this study, there is 
general agreement (Van Driel, Verloop, & De Vos, 1998), that teachers who have not taught a 
particular topic before may have little or no PCK in that specific content area.  I therefore 
acknowledged that there study would have been enhanced by the availability of the opportunity 
for the pre-service teachers to practice their newly learnt approaches to teaching the topic of 
chemical equilibrium.   
6.5 Concluding Discussion  
First, the reliability and the validity of the tool used in the study is confirmed by the favourable 
statistical index values, that are all within the acceptable ranges.  This is in addition to the 
validation of the tool, as presented in Chapter 4. Thus the patterns observed in the study are 
reliable and valid for the given context.  The quantitative analysis showed that there is a 
statistically significant positive difference at the 0.01 level between the Rasch measures in the pre 
vs. post-test.  The observed difference points to improved level of quality of the Topic Specific 
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PCK of the pre-service teachers as a result of the intervention.  This finding is further 
strengthened by the evidence for developing Topic Specific PCK found qualitatively in a number 
of scenarios per knowledge component.  The nature of the evidence includes extracts where pre-
service teachers demonstrated: (i) knowledge of potential misconceptions or potential confusion 
by learners, (ii) improved structuring of the chemical equilibrium topic for teaching, (iii) a shift 
from identification of algorithmic to conceptual aspects that are regarded as difficult to teach, (iv) 
use of representations, including those for sub-microscopic level and (v) improved teaching 
strategies that include reference to one or more of the knowledge components.  The major 
meaning assigned to this finding is that Topic Specific PCK of pre-service teachers may be 
improved through explicit discussion of the knowledge that effects transformation of content.   
 
The observation for Topic Specific PCK in the contexts of classroom instruction, as in the lesson 
videos by both pre-service teachers, showed repeated explicit episodes of the manifestation of the 
knowledge components, suggesting the presence of PCK within the topic.  While the observations 
are limited to two students, the results nonetheless suggest a continuation of the PCK developed 
initially in a context of planning into the realm of practice. The video further reflects spontaneous 
moments where the questions of the learners required responses which were not part of the 
reasoned plan.  In the next chapter, chapter 7, the impact of the intervention on subject matter 
understanding is analyzed. 
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CHAPTER 7 
7.  THE MEASUREMENT OF SUBJECT MATTER KNOWLEDGE  
The impact of an intervention where the knowledge components for transforming subject matter 
knowledge are explicitly discussed was established in the previous chapter. It was found to 
improve the level of PCK with respect to the topic discussed.  In this chapter, the impact of the 
same intervention on improving the understanding of SMK is measured. The measurement is 
specifically for chemical equilibrium as a topic discussed in the study.  The performance of the 
pre-service teachers in the achievement pre-/post-tests is analyzed and compared. Furthermore, 
an unusual journey, searching for evidence of developing SMK in contexts that are designed for 
reasoning about teaching is undertaken.   
7.1 Measuring Improvements in the Concepts of Chemical Equilibrium 
The change in the level of conceptual understanding in chemical equilibrium was measured 
similarly to Topic Specific PCK as a pre and post-test.  A diagnostic tool targeting commonly 
reported misconceptions in chemical equilibrium was used.  The tool is described in detail in the 
next section. The pre-test was run during the second session of the intervention, following the first 
session (previous day) where the test on Topic Specific PCK was administered.  The biographical 
information about the participants was captured on the first page of the test, while the responses to 
the test items were captured on a written form in the spaces provided within the tool.  The test was 
written in my presence as a researcher, available to provide assistance in terms of the logistics of 
administering the test.  The pre-test was about 60 minutes.  The post-test was administered during 
the last session of the intervention, session 14.  Other than a different cover sheet and a different 
date, the post-test was similar to the pre-test.  The administration of the post-test was also carried 
out in a similar way to the pre-test, where the responses were captured as written answers within 
the tool.  The pre-service teachers were informed in time of the achievement test to be 
administered in the last session of the intervention; however, neither the nature of the test nor its 
similarity to the pre-test was discussed.  As with the pre-test, the duration of the post-test was also 
about 60 minutes.  The completed tools for both pre- and post-test were assigned distinctive 
research codes and duplicated before scoring for validation.  Below is the analysis, first using 
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quantitative research methods to establish the overall picture of the impact of the intervention, 
followed by a qualitative analysis, verifying the findings and establishing insight into the 
developing understanding. 
7.2 Quantitative Analysis of the Achievement Test 
The Achievement test comprised of a total of 10 items, largely in a two-tier format, where the first 
tier is a choice of a correct answer from the given list of multiple choice options.  The second tier 
requires a written explanation of the choice made in the first tier. An example of a test item in a 
two-tier format is shown in Figure 7.1 below. 
  
Figure 7.1: An extract of a sample two-tier test item in the Achievement Tool 
Three questions in the tool required algorithmic calculations related to Kc and the drawing of 
representations (graphs) to reflect change in concentration over time.  These questions were not in 
a two-tier format as described above (see full test in Appendix A).  The test items were  extracted 
from a variety of chemical equilibrium tests widely reported  in the literature (e.g. Bilgin, 2006a; 
Quilez-Pardo & Solaz-Portoles, 1995) and hence were regarded as well piloted and validated.  
Four aspects of chemical equilibrium were covered by the test, namely, the ability to distinguish 
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between (i) rate and concentration at equilibrium, (ii) rate and extent of reaction, (iii) use of Le 
Châtelier’s principle and its limitations and (iv) the Equilibrium constant, Kc.  It should be noted 
that these questions are diagnostic in nature, and therefore of a higher order than questions 
requiring mere recitation of the meaning and algorithmic requirements.  Within the South African 
context of high school teaching and learning, algorithmic ways of teaching and questioning are 
prevalent (Rollnick et al., 2008).  As indicated also in Chapter 3, the responses were scored, on a 
continuous scale from 0 to 32 using a memorandum of correct answers and explanations.  The 
memorandum was developed in consultation with the reference team and validated through peer 
moderation (see Appendix A for the memorandum).  An agreement of 90% between raters was 
achieved.  However, one of the agreements included omitting question 3 in the tool, because of 
noted ambiguity in one of the options offered as answer choices (see Appendix R for a set of 
marked tests).  The raw scores were then converted to percentage scores as part of analysis.  The 
pre- and post-test scores are shown in Table 7.1. 
Table 7.1:  Pre & Post Achievement raw scores (N=16) 
*Pre-service 
teachers 
Pre-test score % Pre score Post test score % Post score 
BS (Promise) 7 21.88 17 53.13 
LLM (Lebo) 8 25.00 26 81.25 
ZS (Zen) 5 15.63 6 18.75 
TSM (Themba) 2 6.25 3 9.38 
MM (Khaya) 8 25.00 23 71.88 
KM 6 18.75 12 37.50 
MC (Shepard) 19 59.38 23 71.88 
NG (Hloni) 4 12.50 24 75.00 
PMT  21 65.63 31 96.88 
JS (Noli) 6 18.75 11 34.38 
KGS (Shoni) 11 34.38 9 28.13 
PM (Sipho) 23 71.88 23 71.88 
SM (Mushe) 9 28.13 18 56.25 
JDL (Nhleko) 4 12.50 17 53.13 
PPM (Tini) 6 18.75 17 53.13 
BM (Ben) 8 25.00 17 53.13 
                              Pre-test Mean %    28.71 Post-test Mean %      54.10 
   
          *Order of pre-service teachers is random, similar to that of Topic Specific PCK 
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In order to establish the overall change on achievement scores, the scores were first subjected to a 
sign test to establish equality of the tests, and then subjected to the non-paramedic Wilcoxon 
Paired Signed Rank for analysis of significant difference.  As mentioned in the previous Chapter, 
the assumptions of these tests apply to the small sample size and real valued data to which this 
study was limited.  
 Table 7.2:  Calculation for significance difference in Achievement scores  
N                              16 
+ Differences 1 
- Differences 14 
Ties 1 
p 0.001 
હ 0.05 Significantly different  
 
Using the Wilcoxon signed rank test 
 
As mentioned in Section 3.7.2, the sign test has been used as the first line of analysis of the 
ordinal data from the Achievement tests.    Similar to other tests for significance difference, the 
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sign test interprets the p value of the sign test as different if it is less than the desired value, then 
the two dependent sample means will be different. If the p value of the sign test is more than the 
desired significant level, then the two sample means will be considered the same. The Wilcoxon 
paired signed ranked test is an non-parametric in nature, used for two depended samples that are 
matched.  The test may be conducted on ordinal data as in the case of this Achievement test. In 
this analysis the findings from these tests are also used to reflect the level of reliability of the 
analysis. 
The calculations from both statistical tests showed a significance difference (0.001) between the 
pre- and post- measures at 0.01 (99%) level of confidence.  This is a huge statistical difference. 
The full statistical table is presented in Appendix P.  The overall implication of the calculated 
significance difference is that, on going through the intervention, pre-service teachers experienced 
increased understanding of the Chemical Equilibrium concepts.  As the Achievement test was 
comprised of questions testing understanding of different concepts, it is of interest to this study to 
identify concepts where most as well as least gain was made. The identified concepts may be 
mapped back to the intervention, specifically to the respective component(s) of Topic Specific 
PCK where the different concepts were used as examples in class discussions.  Such a map is 
useful in establishing links to actual experiences in the intervention, and hopefully develops a 
sense of the nature of the relationship between the Topic Specific PCK and the SMK of the topic.  
Thus, a finer analysis of the achievement scores per concept or aspect of a concept was conducted. 
Each concept contained in the Achievement test, was matched to the pre-service teachers’ 
performance in the test and the corresponding Topic Specific PCK knowledge component in 
which discussions happened during the intervention. The time explicitly spent on the concept 
during the intervention is also indicated relatively.  The estimate of time is subjective, as no 
equipment was specifically used to log the time in the specific session, where the concept was 
used to discuss the components of Topic Specific PCK, and in other sessions where discussions 
on the same concept were re-opened. It must be noted that discussion specifically on the 
understanding of actual concepts came through only on a needs basis. Such cases came about 
largely through class activities, where pre-service teachers needed assistance.  While reference is 
made to common misconceptions as a component of Topic Specific PCK, it actually refers to the 
student’s prior knowledge component. Both the accurate understanding and common 
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misconceptions reported in the literature and also held by students, were discussed in the 
intervention, with more time spent on misconceptions, as they were problematic.  The number of 
correct responses, together with the intensity of discussion in the intervention, is listed in Table 
7.3 below.   
Table 7.3:  Pre & Post Achievement scores by question 
Question 
# 
Concept (SMK) 
covered 
No. of Pre-
service teachers 
with correct 
choices 
(Pre-test) 
No of Pre-service 
teachers with 
correct choices 
 (Post-test) 
Topic Specific 
PCK Knowledge 
Component  
Intensity 
discussion 
of SMK 
concept 
1&2 Reaction Rates & 
concentration at 
equilibrium 
2 7 
Misconceptions & 
Representations 
High 
4 Undisturbed chemical 
equilibrium 
3 8 Misconceptions & 
Representations 
High 
5a 
 
5b 
Misapplication of the 
of Le Châtelier’s  
Principle when an inert 
gas is introduced 
Application of Le 
Châtelier’s principle  
6 
 
8 
11 
 
11 
Misconceptions, 
Curricular Saliency 
& Conceptual 
teaching strategies 
High 
6 Expression of 
Equilibrium constant 
9 10 Misconceptions & 
Curricular saliency 
Low 
7 Calculation of Kc 11 11 Not covered - 
8 Disturbances of 
equilibrium in aqueous 
solutions  
1 6 Misconceptions, 
Representations & 
Conceptual teaching 
strategies 
High 
9a Disturbance of 
Equilibrium through 
increasing 
concentration  of 
reactant 
1 5 Misconceptions 
Conceptual teaching 
strategies  
High 
9b 
 
Disturbance of 
Equilibrium through 
increasing temperature  
of exothermic reaction 
1 1 Misconceptions 
Conceptual teaching 
strategies  
Medium 
9b Disturbance of 
Equilibrium through 
increasing pressure 
1 6 Misconceptions 
Conceptual teaching 
strategies  
Medium 
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10 Concentration vs. time 
at equilibrium and at 
disturbance 
1 3 Misconceptions  Medium 
Note: Q3 was omitted  
The comparison indicates that pre-service teachers experienced a gain in understanding across the 
majority of the concepts of Chemical Equilibrium tested for in the tool.  It is noted that in 
concepts that received low coverage or no coverage in terms of time spent on discussions, pre-
service teachers experienced little or no change in their understanding. A few reasons may be 
ascribed to the listed low coverage of certain concepts. Firstly, the nature of discussions for the 
components of Topic Specific PCK naturally encourages more diagnostic than algorithmic 
activity, hence there was no coverage of algorithmic calculations for the chemical equilibrium 
constant Kc. Also, the time taken to discuss a concept or its aspect was driven by the need for 
understanding, in order to complete PCK related tasks in class.  It is also possible that not all the 
misconceptions held by students were discussed, as the need for their understanding did not 
emerge in the type of activities being done in class and also, as a lecturer, I may have missed it.   
It is, however, noted that that most of the pre-service teachers started with good understanding of 
algorithmic knowledge about the expression and calculation of the chemical equilibrium constant 
Kc.    
As the emphasis in the intervention was on the explicit discussion of the teachability of the 
concepts, the findings therefore appear to suggest that pre-service teachers improve their specific 
content when it is presented for learning explicitly in contexts they would think about teaching it. 
In this study specifically, such contexts have been the intervention sessions, where components of 
Topic Specific PCK were used as knowledge to transform various concepts of Chemical 
Equilibrium.  This finding is important. It is therefore crucial for this study to find more evidence 
taken from the actual class discussion contexts that support it.   The discussion below, therefore, 
places the analytical lens into the classroom sessions, analyzing them by component of Topic 
Specific PCK discussed and looks to improving subject matter knowledge.  
7.3 Qualitative Analysis Indicating Conceptual Achievement 
 As mentioned above, the discussion on the individual components of Topic Specific PCK in the 
intervention was illustrated through different concepts of Chemical Equilibrium. For example, the 
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discussion about Curricular Saliency, as knowledge assisting in the transformation of content, was 
introduced using a debate whether Le Châtelier’s principle is a main concept (Big Idea) or a 
subordinate concept.   In an effort to respond and contribute to the debate, understanding of the 
concept and its relationship to other concepts is needed.  This is an example of the context in 
which a concept (SMK) would be explored and explained.  The analysis below is thus done at two 
levels.  At first, for each component of Topic Specific PCK, concepts discussed during the 
intervention are linked to corresponding questions in the Achievement test.  The responses from 
the pre- and post-test of the identified questions are analyzed for evidence of gain in conceptual 
understanding.  The responses include both the choice of a correct answer and the written 
comments expanding on the chosen answer. The difference between this analysis and that done in 
Table 7.3 above, is that, in addition to looking for gain in understanding qualitatively, the process 
of learning followed by the pre-service teachers is exposed and lessons drawn.   
7.3.1 Gain in Subject Matter Knowledge when engaging in Learners’ Prior Knowledge 
Examples of concepts used when discussing Learner Prior Knowledge as one of the knowledge 
components that assist in transforming subject matter content, were largely on the misconceptions 
associated with the meaning of the Big Idea: ‘dynamic nature of chemical equilibrium’.  
Specifically, when describing the meaning in terms of (i) rate of reaction vs. concentration, and 
(ii) the rate of reaction vs. extent of reaction.  Of particular interest was also the expression of the 
state of equilibrium using chemical equations with unequal double arrows. Questions 
corresponding to these concepts in the Achievement test are questions 1 and 2 listed in Figure 7.3 
below. Both these questions, like all other questions in the test, had built-in spaces for written 
comments expanding on the chosen answer. Question 1 is testing for the understanding about the 
rate of reaction and concentration, while Question 2 has an added element about the understanding 
of the equilibrium constant, Kc for reactions at equilibrium.  
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Figure7.2: Questions matching examples used discussing Students Prior knowledge  
                  
The analysis of the achievement scores in the pre-test indicate that for question 1 and 2 only two 
(2 out of 16) pre-service teachers had the correct answer while the majority (14 out of 16) had 
incorrect answers.  The majority of the incorrect answers were split between options i and iii.  
Both these options incorrectly interpret the unequal double arrows in a chemical equation as 
meaning unequal rates of the reaction of reactants and products at equilibrium.  The same error 
pattern was observed in the pre-test in question 2 where option ‘(iv)’ confirming equal rates at 
equilibrium was identified incorrectly as ‘false’.  Question 2 is testing for the same conceptual 
understanding. This analysis indicates that prior to the explicit discussions pre-service teachers 
themselves had misconceptions about the meaning of Chemical Equilibrium.  The situation was 
noted to have improved at the end of the intervention where seven (7 out of 16) pre-service 
teachers had correct answers for both questions 1and 2.  It is noted that about half of the pre-
service teachers remained unchanged in their choice for the incorrect answer (option B) 
particularly for this question. The incorrect choice is further seen in written responses, as shown in 
the samples from Question 1 in Figure 7.3 below.   
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Figure7.3: Examples of written responses reflecting retained misconceptions in the post-test.  
[PCK2:Ti&Si] 
Emerging from these samples is the observation that, the use in equations of the unequal double 
arrows to represent reactions at equilibrium, remained a challenge, even to some students like 
student Themba who have shown growth in many other areas.  The specific challenge was the 
confusion about the rates of the reactions at equilibrium, when arrows of unequal length were 
used.  A misconception was observed where the unequal double arrows are interpreted as meaning 
‘unequal rates’ at equilibrium. It appears that the visual appearance of the double arrows in 
equations is likely to generate a different misconception.  Hewson (1991) indicates, as seen with 
pre-service teachers, that conceptual change is difficult, as the learner’s conceptual ecology may 
be tied to specific epistemological commitments.  
Looking for evidence of developing cases of understanding about the meaning of dynamic 
chemical equilibrium during the intervention, extracts of discussions from pre-service teachers in 
a group are presented below.  As explained in Chapter 5, these are discussions saved during a 
group tutorial which was conducted on a voluntary basis outside the formal sessions of the 
intervention. The discussions were over a computerized chat platform (BB ignite), allowing 
students to log into the chat room and exchange discussions by typing their text messages.  Pre-
service teachers were discussing the misconceptions interpreted by the use of the unequal double 
arrows in an equation representing equilibrium.  The extracts were responses to the questions 
posed to pre-service teachers as a tutorial.  These are given below in Figure 7.4.  The tutorial 
followed session 4, in which the topic on chemical equilibrium was introduced: 
Student Themba Student Sipho 
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Figure 7.4: Questions on chemical equilibrium when expressed using unequal double arrows          
While the discussions in the actual extracts below were in context of Topic Specific PCK, it is 
important to recall that the focus of this qualitative analysis is looking for the evidence for gain in 
conceptual understanding.  The following are extracts from students’ text discussions, reflecting 
their initial and changing views about the meaning of the use of unequal double arrows for 
reaction at equilibrium. 
 
Figure 7.5:  Discussions student Ben’s group – identifying misconceptions 
[BB:,S1,Bg] 
158. 
 
  
Figure 7.6:  Discussions in student Ben’s group – confronting and anticipating misconceptions 
[BB:S1,Bg] 
 
The above ‘text’ discussion indicates that, whilst most pre-service teachers appeared to understand 
the aspect of equal rates at equilibrium, the use of unequal double arrows in an equation of a 
reaction that is said to be at equilibrium, posed a challenge to their understanding.  Interpretations 
of the meaning of the unequal arrows ranged from meaning chemical equilibrium not yet attained; 
the rate of reaction being faster in the direction of the longer arrow and reactants and products 
being separated.  In acknowledging their own misconceptions about this specific aspect of 
chemical equilibrium, pre-service teachers readily pointed-out that the same aspect will pose a 
potential challenge and misconception for learners when the concept is taught. While such an 
acknowledgement and the subsequent quest for ways to confront the misconception points to 
developing Topic Specific PCK, it is in the accompanying wrestling for correct interpretations 
experienced by the pre-service teachers where gain in conceptual understanding happened.  The 
effort made by other members of the group to present the correct meaning to the rest of the group, 
in simplified statements is noted.  The nature of discussions in the extracts supports the finding 
that pre-service teachers appear to improve understanding of subject matter concepts when 
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exploring and thinking about their teaching in this case, and also thinking specifically about their 
students. 
7.3.2 Gain in Subject Matter Content when engaging in discussions on Curricular Saliency 
As alluded to above, the identification of the main ideas for the Chemical Equilibrium topic 
during the intervention, centred on the argument about whether Le Châtelier’s principle was a 
main idea or a subordinate concept. This argument emanated from a class activity where pre-
service teachers initially identified the principle as one of the main concepts (Big Ideas) of 
Chemical Equilibrium. It has been shown in the previous chapter on measuring Topic Specific 
PCK, Chapter 6, that pre-service teachers subsequently changed the status of the principle to a 
subordinate concept.  In this section, emphasis is on finding evidence for the improvement in 
conceptual understanding of the principle.  As in the case above, first, the performance of pre-
service teachers in the pre- and post-test questions on Le Châtelier’s principle in the Achievement 
tool is analysed.  Then, qualitative evidence supporting the noted performance in the tests is 
sought in the qualitative data generated during the intervention.  Questions in the Achievement 
test that correspond to testing the understanding for both the correct use and the limitation of the 
principle are questions 5(a) and 5(b), given in Figure 7.7 below. 
Question No.5(a) testing 
the understanding of the 
limitation of the Le 
Châtelier’s principle 
 
Question No (5b) testing 
the application of the Le 
Châtelier’s principle 
 
Figure 7.7:  Test questions used in the curricular saliency component discussions 
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At the beginning of the intervention only six (6 out of 16) pre-service teachers chose the correct 
answers for both questions 5(a) and (b) (Table 7.2 above).  The majority of the incorrect answers 
were based on option B in question 5(a) where the effect of increasing pressure by adding an inert 
gas is incorrectly regarded to cause disturbance of the state of equilibrium as Le Châtelier’s 
principle would supposedly predict.  This indicates that pre-service teachers were unaware of the 
limitation of the use of the principle.  Other incorrect answers for question 5(b) were based on 
option A, where more reactants were predicted to be formed, showing a lack of understanding of 
Le Châtelier’s principle per se.  The analysis of the post-test indicates an improvement in 
understanding as reflected by a score of eleven (11out of 16) pre-service teachers who chose 
correct answers for both questions 5(a) and (b).  The incorrect choices, for question 5(a) were all 
option B as in the pre-test, indicating a lack of change in conceptual understanding for this 
minority group.  
The improvement in the understanding of the application and also in the misapplication of Le 
Châtelier’s principle noted in the post-test, is also observed in the work done towards the end of 
the intervention in how the pre-service teachers planned for the teaching of the principle using the 
CoRe.  While a CoRe, in its originality talks to the teachability (PCK) of the main concepts of a 
topic, it also exposes the understanding of the content as the concepts are expanded upon. Figure 
7.8, below presents extracts from the CoRes of three pre-service teachers on the proposed 
teaching of the principle of Le Châtelier.  These CoRes were constructed as a part of a major 
assignment towards the end of the intervention.  The point of focus in this analysis is the existence 
of evidence pointing towards improved understanding of the concept (Le Châtelier’s principle), 
supporting the noted overall gain in understanding seen in the quantitative data.  
 
Student Mushe’s 
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Figure 7.8: Extracts of student Mushe’s and Themba’s lesson plans from the prepared CoRe 
[TO:Mi&Ti] 
 It is noted from the extracts that, consideration of the conditions in which the Le Châtelier’s 
principle is applicable and those in which it is limited are explicitly addressed.  Specific factors 
for each condition are provided.  The reference to another subordinate concept like the 
Equilibrium Law (Kc) in relation to the subordinate concept under discussion (Le Châtelier), is a 
further reflection of conceptual understanding by the pre-service teachers.   These examples are 
illustrations of conceptual understanding expressed in a form of a teaching plan.  A closer look at 
the extracts reveals a sense of planned sequence of teaching events.  The first extract displays 
emphasis of what is regarded as important at a specific point of the suggested sequence.  Teaching 
strategies that reflect conceptual manoeuvring between a principle and a Law are displayed. All 
these are evidence of developing Topic Specific PCK, present in the same realm where an 
improvement of subject matter knowledge is evident.  A similar observation was made in Chapter 
6, where improvement in Topic Specific PCK was observed in the same realm as improvement in 
subject matter knowledge.   It therefore appears that, the expression of subject matter knowledge 
in forms or contexts related to teaching, such as teacher outlines, plans, teaching strategies, etc.  as 
is in this case, offers an opportunity to glance at the interplay of content and PCK as a whole, 
making it possible to observe the one in relation to the other, irrespective of whether the starting 
point is one or the other.  This observation is further evidence validating the Topic Specific PCK 
tool as an appropriate platform or format to glance at the developing Topic Specific PCK, and 
actually offering an additional window to evaluate subject matter knowledge as well.  In recalling 
the improvement also noted in Topic Specific PCK for the curricular saliency component, 
Student Themba’s 
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discussed in Chapter 6 where Le Châtelier’s principle was used as an example in the discussions, 
it appears that pre-service teachers gain conceptual understanding as they gain knowledge to 
reason about its teaching. 
7.3.4 Gain in Subject Matter Content when engaging in Representations 
The closed chemical system of NO2/N2O4 at room and cooler temperatures was used to practise 
the use of sub-microscopic representations. The concept embedded in this example is the 
disturbance of chemical equilibriums.  A question in the Achievement test that matched the 
example was Question 9(b), shown in Figure 7.9 below. 
 
Figure 7.9:  Question in the Achievement Test on disturbances of Chemical Equilibriums 
The analysis of the pre-test indicates that only one (1 out of 16)  of the pre-service teacher 
identified the correct answer, box E which represents a response to the disturbance that favours 
the formation of more reactants with increasing temperature as the equation is given as 
exothermic. The majority of the choices were for option C which represents no change in the 
concentration of the reactants and products as in the original equilibrium state. A possible reason 
to this choice could be an inaccurate thought that temperature has no effect on the chemical 
equilibrium – showing a lack of subject matter knowledge.  The post-test analysis however, with 
respect to question (b), indicates an improvement where five (5 out of 16) pre-service teachers 
made the correct choice.  However, unlike in the pre-test the incorrect answers were spread 
between boxes A and B.  Both these options represent a response that favours the formation of 
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more products similarly to the incorrect choice expressed in the pre-test.  However, their choices 
reflect an additional confusion where the law of mass conservation is not observed. In both these 
options the total number of molecules has increased from the initial state.  A similar error 
(Chapter 6, Figure 6.22, student Themba’s group), was observed during the class discussion, 
where a group of pre-service teachers presented on the board micro-representations that violated 
the law of mass conservation (see picture by a different group in Figure 7.10 below).   
 
Figure 7.10: Representations (student Shepard’s group) with error in mass conservation    
                                         [CA:REP,Sg] 
 
Whilst the diagram above indicates the understanding of the use of representation to explain the 
effect of temperature on the chemical equilibrium, it is nonetheless incorrect as the Law of mass 
conservation is violated.  More representations made on the board illustrating struggles with the 
conservation are shown in Figure 7.11 below.   
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Figure 7.11: Examples of representations with incorrect observation of mass conservation 
[CA:REP,bd] 
 
The suggested representations expressed increament of the concentration of the one species within 
the confines of the Law of conservation.  It therefore appears that, while there was an 
improvement in the understanding of the effect of temperature on chemical equilibrium, pre-
service teachers struggled in integrating more than one concept/rule in their considerations when 
using sub-micro representations. 
7.4 Concluding Discussion  
The analysis for improving subject matter knowledge in chemical equilibrium, as a result of the 
intervention has brought a number of aspects to the surface.  First, it is important to recall that the 
intervention emphasized the explicit discussion of knowledge that affected pedagogical 
transformation of content.  In a way, this emphasis set the context of the class discussions as 
‘learning for teaching’ (my words).  In this context, discussion on subject matter concepts were in 
relation to either student prior knowledge, curricular saliency, what is difficult to teach, 
representations to use or teaching strategy.  All of these considerations forged reasoning about 
teaching the concepts.  The first point shown by the analysis in this chapter is that, pre-service 
teachers gained significant understanding of chemical equilibrium concepts when learning under 
this ‘learning for teaching’ context.  This is shown by the performance mean score that increased 
from 29% to 54%, yielding a significant difference at 99% confidence levels.   While the 
numerical numbers do not reflect the level of difficulty of the test, it is important to note that the 
test is largely diagnostic in nature. Algorithmic questions such as calculations for the chemical 
equilibrium constant or use of the expression, were largely avoided and where they did exist, were 
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allocated minimal marks. Yet, a typical achievement test on the topic in the South African 
context7 would have been targeting this kind of question in the examination, and therefore 
apportion a bigger proportion of marks to calculations. Thus, the importance of the reflected gain 
in understanding is more than just the significance in the quantity of correct answers but also the 
higher order of diagnostic understanding (Pitjeng & Rollnick, 2012a). 
 
It is also noted that in concepts that received low coverage or no coverage in terms of time spent 
on discussions, pre-service teachers experienced little or no change in their understanding in 
contrast to those covered with medium to high intensity. However, the analysis has shown that 
coverage of content when implementing this approach, i.e. learning SMK concepts in context of 
transforming them for teaching, is dependent on the perceived need for understanding to enable 
completion of PCK related tasks.  This is a significant finding.   
 
The analysis of qualitative data collected from the class activities further reveals the process of 
learning needed concepts in context of PCK related tasks is a rigorous cycle of question and 
search for answers kind of action.   This observation is illustrated clearly in the extract of ‘texted 
group discussions’ about the meaning of the unequal double arrows.  Another example is shown 
by the process of discussing concepts related or linked to Le Châtelier’s principle in order to 
determine where the principle by itself is a big idea or subordinate concept.  In that discussion, 
better understanding of the principle was established. All these cases build towards a concrete 
example, where subject matter knowledge improves as a result of the explicit discussion about its 
transformation for teachability. This is a major finding for the study, offering a response to 
Research Question 3 of this study, where the effect of the intervention on subject matter 
knowledge is evaluated. 
 
There are however, other insights, established alongside the above major finding. Looking at the 
analysis of the individual Chemical Equilibrium concepts, it is noted that about half of the pre-
service teachers retained their incorrect choice (unequal reaction rates at equilibrium) for 
questions 1 and 2.  This observation is made even though they are familiar with the definition of 
chemical equilibrium, to mean equal reaction rates.  The insight about what they are familiar with 
                                                             
7 Verbal communications : Prof. M Rollnick  and J Bradley, Wits University, May 2012. 
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has been established from the interactive class discussions.  It appears their focus was distracted 
by the need to explain the unusual but visual symbolic representation, which used unequal double 
arrows in the equation representing equilibrium. Another example where the use of 
representations posed a challenge to pre-service teachers was in the use of sub-microscopic 
representation to explain the change in colour in a NO2/N2O4 system.  Pre-service teachers could 
explain the observed change by indicating increased concentration of the one species but ignored 
other considerations, such as the law of mass conservation. This is an important observation about 
the use of representation, as  mentioned by (Klafki, 1958),  that the  ability to engage with content 
through illustrations and examples lies in the return to ‘the original situation’ (p.27), which 
required consideration of all underlying rules as it would be with using equations, for example. It 
therefore appears that pre-service teachers tend to focus on one aspect at a time, that is, the aspect 
at the centre of the representation macroscopically.  By so doing, they omit considerations for 
other holding aspects or laws. Therefore, when representations are used, in addition to the aspect 
represented at hand, awareness of observation of all other rules should be raised.     
 
The third major finding is the observation that evidence of understanding of subject matter 
knowledge may be found in formats that has ‘teaching in mind’, such as teacher outlines, plans, 
the CoRe and teaching strategies. The manner in which a teaching plan or a response from a 
teacher is outlined, reflects on the level of understanding of the concepts at hand.  Since the 
subject matter content is expressed in terms of a teaching context, it further offers an opportunity 
to glance at the presence of PCK.  Several cases have been highlighted above, where evidence of 
increased understanding of concepts is displayed in formats that reflect reasoning about teaching. 
Such formats offer a display of the presence of PCK and subject matter knowledge in relation to 
each other. Thus, it appears that teaching related formats offer opportunities to glance at the PCK 
and the level of understanding of subject matter knowledge at hand. 
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CHAPTER 8 
8.  THE MEASUREMENT AND ANALYSIS OF TEACHER BELIEFS  
 
In the previous two chapters, the impact of the intervention that explicitly introduces 
transformation of subject matter in a pre-service programme was measured. The measured impact 
was with reference to changes in the quality of PCK, and the conceptual understanding of pre-
service teachers of chemical equilibrium as a topic. Quality PCK is associated with teaching 
beliefs that encourage transformation of subject matter knowledge and inquiry based, leaner 
centred teaching in science.  In this chapter, the impact of the intervention on the underlying 
beliefs of pre-service teachers about teaching science is measured. The responses from pre/post-
tests are analyzed using both quantitative and qualitative methods.  The findings from this chapter 
address the last research question in the study, research question 4 about beliefs.  
8.1 Measuring Science Teacher Beliefs 
The science teacher belief tool, described in detail in Chapter 3, is a tool with seven questions 
(See Appendix B). It was administered as a pre- and post-test in the intervention of this study.  
The respective tests were administered in the same sessions as the Topic Specific PCK tests, and 
administered in a similar manner.  The time taken by the pre-service teachers to complete this test 
was about 30 minutes.  Similar to the Topic Specific PCK tool, the responses were captured as 
written answers within the tool.  The completed tools for both pre- and post-test were assigned 
distinctive identifier codes and duplicated for scoring and validation.   
8.2 Quantitative Analysis of Science Teacher Belief Measures 
As mentioned in Chapter 3 (The responses were scored using the belief maps developed by Luft 
and Roehrig (2007).   The belief maps comprise descriptions of five different categories of beliefs, 
namely,   (1) Traditional; (2) Instructive; (3) Transitional; (4) Responsive and (5) Reform-based.  
These categories are described in detail in the coding Map included below,  Each of the 7 test 
items in the Teacher Belief tool was rated on a five point scale, from 1 (‘Traditional’) to 5 
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(‘Reform-based’) (see  Figure 8.1 below for a sample of a belief map for one of the test 
questions). The belief maps for the other questions may be viewed in Appendix B.  Each test 
question had a maximum score of 5, so the total that could be achieved for the entire test was a 
maximum score of 35, indicating student-centred beliefs, while a score of 7 indicates teacher-
centred beliefs (Luft et al., 2011, p. 9). 
 
Figure 8.1: An extract from the Beliefs Maps (Luft & Roehrig, 2007). 
The scores from the belief maps for both pre- and post-tests of the 16 pre-service teachers were 
peer-validated by two independent raters.  The key rule was to match the written response to the 
descriptions of criteria given in the Belief map.  The many examples of descriptions that are given 
under each category were very useful.  An agreement rate of 88% was obtained between my 
scores and that of the raters. Disputes among the raters were resolved through discussions and 
establishing consensus. These occurred often, for the middle categories (Transitional and 
Responsive) where key words were sought to differentiate between the creation of a conducive 
environment and the emphasis of the interaction of students within that environment.  A sample 
set of a completed pre-test and post-test with the corresponding marked rubrics is attached as 
Appendix Q for illustrative purposes.    
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8.2.1 The raw scores 
The scores recorded from the marked beliefs pre- and post-test for each pre-service teacher per question are presented in Table 8.1 
below:  
Table 8.1: Belief scores generated from Belief Maps 
*Pre-service 
teachers 
Question #1 
(Increasing 
chances for 
students to 
learn) 
Question #2 
(Perceiving role 
as science 
teacher) 
Question #3 
(Knowing when 
students are 
understanding) 
Question #4 
(Deciding what 
to teach and 
what not to 
teach) 
Question #5 
(Deciding to 
move on to a 
new topic) 
Question #6 
(Knowing when 
students learn 
science best) 
Question #7 
(Knowing when 
learning is 
occurring in 
your classroom) 
 Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 
PM (Sipho) 1 3 1 1 2 3 1 1 1 2 1 3 3 2 
SM (Mushe) 1 3 2 4 2 3 2 4 2 3 1 3 1 5 
PPM (Tini) 1 5 1 5 2 4 1 4 2 5 3 4 1 5 
TSM (Themba) 2 3 2 3 2 4 1 5 1 4 1 4 1 4 
JDL (Nhleko) 1 1 3 1 4 1 1 1 4 3 1 4 4 4 
BM (Ben) 1 1 2 1 3 2 1 2 1 2 2 2 3 3 
NG  (Hloni) 4 4 1 3 2 5 2 5 1 4 2 3 2 3 
PMT 4 2 1 1 2 3 1 4 2 2 3 4 3 4 
LLM (Lebo) 1 3 2 3 2 2 1 3 1 2 3 3 1 2 
KGS (Shoni) 3 1 1 1 2 1 1 2 2 2 3 2 4 2 
JS  (Noli) 4 3 1 2 2 2 1 1 2 3 3 3 3 3 
MC (Shepard) 4 5 5 5 5 5 1 5 2 4 3 4 3 5 
MM (Khaya) 3 1 3 2 2 2 1 1 1 3 4 4 3 3 
BS (Promise) 3 3 2 2 2 2 1 2 2 2 1 3 1 2 
ZS (Zen) 1 2 3 4 2 4 1 4 2 4 1 4 1 4 
KM 4 4 3 4 3 4 5 5 4 5 4 5 5 5 
 *The names of pre-service teachers in the table are in no particular order.
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Unlike the case of the creators of the tool (Luft & Roehrig, 2007), the scores above were not 
summed up at this point for further analysis of difference.  They were first plotted graphically for 
visual inspection of the gap (difference) between the height (along the y axis) of the pre- and post-
curves per question, as was done in chapter 6 for the scores on the PCK instrument.  The reason 
for the graphical display was to determine by inspection obvious shifts in beliefs in the post-test 
per question.  They were then converted to Rasch statistical measures for reasons explained 
below.  
8.2.2 Plotting of scores to Graphical Representations  
The X-axis on the graphs shown below represents the pre-service teachers’ codes in a numerical 
fashion that matches the order given in Table 8.1 above.  However, the order in which the pre-
service teachers are arranged in Table 8.1 has no particular significance.    
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Figure 8.2: Belief scores on Q1 
(about increasing students 
learning chances)
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Figure 8.3: Belief scores on Q2 
(role as science teacher) 
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Figure 8.4: Belief scores on 
Q3 (knowing when students 
are undertstanding)
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Figure 8.5: Belief scores on 
Q4 (deciding what to teach 
and what not to teach)
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Figure 8.6: Belief scores on Q5 
(deciding to move onto a new 
topic)
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Figure 8.7: Belief scores on 
Q6 (knowing when students 
learn science best)
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Figure 8.8: Belief scores on 
Q7 (knowing when learning 
is occuring in a classroom)
Pre
Post
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On inspection of the graphs, it appears that pre-service teachers experienced differential change 
in beliefs across the seven items. The most noticeable change from traditional towards reformed 
beliefs is seen in Figures 8.5 and 8.6, corresponding to question 4 (about deciding what to teach 
and what not to teach), and question 5 (knowing when to move onto another topic), respectively.  
Figures 8.7 to 8.8, corresponding to questions 6 to 7 (knowing when students learn best and 
recognizing when learning is occurring in a classroom), reflect marginal distance between curves  
from pre to post compared to the noted difference in Figures 8.5 and 8.6.  The pattern is less 
pronounced in Figures 8.2 to 8.4 where the pre- and post-tests response curves appear to be very 
close to each other.  However, all these observations would need to be confirmed following 
further statistical quantitative and in-depth qualitative analyses below.  Nonetheless, the above 
observations by inspection have provided an overview of the likely patterns to emerge from the 
analyses of the data.   
8.2.3  The conversion of raw scores into Rasch measures 
The raw scores were converted into Rasch measures, prior to comparison for differences. The 
reason was based on the context of South Africa’s prevalent teaching practices at the time of the 
study, that pre-service teachers have been exposed to teacher-centred teaching most of their 
learning experience. As these teachers may have had little experience in actual teaching 
practices, they are therefore more likely to endorse teacher-centred beliefs than student-centred 
beliefs.  Thus, the belief items in the tool would not be expected to have identical importance 
(Bond & Fox, 2001, p. xviii) in the assessment of the construct.  They would be ranked in the 
degree of likeliness of the endorsement made.  The existence of a rank among test items is a pre-
assumption for the use of the Rasch statistical analysis model.  Thus, prior to any further 
statistical analysis using the model, the assumption is to be tested. The test lies in establishing the 
existence of a rank order among the items.  
 
The above-listed raw scores as generated from the belief maps were captured into the Rasch 
statistical (Winsteps) software for analysis.  As discussed in Chapter 4, the Rasch statistical 
model transforms the raw scores from the ordinal scale rubric into statistical probability 
measures that are placed on a scale with equal intervals.  That is, the values of the raw scores of 
responses to all questions in the belief tool, as read off the belief maps for each person, are 
converted into a single measure – a person ability measure.  The calculated ability measures of 
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all the participants in the sample are placed on an equi-distant scale. This enables the 
establishment of a rank order for persons.  The Rasch statistical model also allows plotting of the 
item difficulty measures of the tool along the same equidistant scale along the y-axis.  On such a 
scale, the degree of contribution of the items to the measured trait is displayed and increases 
vertically. So is the order of calculated probabilities of likeliness to endorse items by persons.  
The basis of the Rasch statistical model is ‘..The basic Rasch …. prescribes two attributes that 
matter when the interaction between a person and an item is modeled: the ability (agreeability) 
of the person and the difficulty (endorsability) of the item.  (Bond & Fox, 2001, p. 117). The 
Rasch model thus calculates from the responses, and locates the persons’ agreeability adjacent to 
a test item that has a 50% chance to be endorsed.  All other items that are likely to be endorsed 
are placed below this level and those with less chance are placed above.  Thus, the location of the 
calculated agreeability along the same scale as the test items indicates which test items are within 
their likeliness to be endorsed (Bond & Fox, 2001, p. xix) and which are less likely to be 
endorsed.  The person-item bubble maps, displaying the match/mismatch of agreeability for 
likeliness of endorsing certain test items in the pre- and post-test are displayed below: 
 
Figure 8.9:  The pre- and post-test person & item bubble maps for beliefs (N=16) 
When examining the pre- and post-test belief person-item maps above, it is observed that the 
horizontal distribution of the items (in pink) suggests that the items largely contribute in an 
identical way to the measured trait (beliefs) in the context of this study, thus not meeting the pre-
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assumption for using the Rasch statistical model.  The match between the persons’ responses to 
the items is not ideal in terms of using the Rasch statistical model for analysis.  For the pre-test,  
the items are less likely to be endorsed by most of the pre-service teachers, as their agreeability 
are clustered together and located below the minimum of 50% required for answering correctly 
any of the test items. All the items are clustered together. The observed enlarged bubbles (blue 
bubbles) in the pre-test and some in the post-test map are due to the clustering and overlapping 
of the persons’ locations, indicating that the analysis will reflect a weaker persons’ reliability.  In 
order to use the Rasch model in the study, the tool would need to be modified by adding more 
items that would span the less likely and the more likely portions of the scale, as well as increase 
the number of participants who may also give a good spread across the scale.  Both these 
requirements are outside the scope of this study and actually not feasible due to the limitation of 
the sample size in this case study.  However, it is noted that the items and the persons’ 
agreeability all lie within the conventional range of (+2; -2) of fit statistics.  This indicates that 
the items and the responses work together to measure a single dimension construct – beliefs, in 
this case.  This means the tool does measure beliefs as intended, and all of its items contribute 
identically to the measurement. Thus, like the creators of the tool, statistical analysis was done 
based on the individual’s summed scores, rather than the raw scores for each question, as the 
Rasch model requires.  A score of 7 indicates teacher-centred beliefs and a score of 35 indicates 
student-centred beliefs (Luft & Roehrig, 2007, p. 9).  The analysis is discussed below. While the 
assumption made earlier about the test items of the tool has been proved incorrect, the outcome 
is, however, important, as it provided an empirical proof of the continuous nature of the test 
items for the latent trait of beliefs in this study.  
8.2.4 The analysis of raw scores for significant difference 
Following the above discussion about the limited spread of the items across the y-axis scale, the 
raw scores in Table 8.1 for individual pre-service teachers were summed-up to give summative 
scores for the pre- and post-test for each pre-service teacher respectively (see Table 8.2 below).   
  
175. 
 
Table 8.2: The summative scores of teacher science beliefs  
Pre-service 
Teachers’ codes 
Pretest Belief scores Posttest Belief Scores 
PM (Sipho) 10 15 
SM (Mushe) 13 25 
PPM (Tini) 11 32 
TSM (Themba) 10 27 
JDL (Nhleko) 18 15 
BM (Ben) 13 13 
NG  (Hloni) 14 27 
PMT 16 20 
LLM (Lebo) 11 18 
KGS (Shoni) 16 11 
JS  (Noli) 16 17 
MC (Shepard) 25 33 
MM (Khaya) 17 16 
BS (Promise) 12 16 
ZS (Zen) 11 26 
KM 32 32 
 
The difference between the pre- and post-test scores in Table 8.2 above was calculated for 
statistical significance first through the sign test, then through Wilcoxon paired signed ranked 
test for non-parametric samples using the QI Macros (version 2012) statistical package.  The 
findings are presented in Table 8.3 below. 
Table 8.3:  Calculation for significance difference in beliefs scores 
Using the Sign Test 
N                              16 
+ Differences 3 
- Differences 12 
Ties 1 
p 0.035 
હ 0.05 Significantly different   
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Using the Wilcoxon paired signed rank test 
 
The comparison of the pre- vs. posttest summative scores indicates significance difference at the 
0.05 level by both tests, also indicating reliability.  More evidence of this significant shift will be 
sought in the qualitative data as analyzed below. 
8.3 Qualitative Analysis of Belief Scores  
8.3.1 Qualitative Belief Scores 
As mentioned in Chapter 3 (Section 3.7.3), the pre- and post-test belief scores shown in Table 
8.1 above were converted to category frequency scores for each person. The conversion was 
done by placing all similar numerical score values in the corresponding category on the Belief 
Map, for example all scores of 1 were placed in the Traditional category, all scores of 2s in the 
Instructive category, etc.  Each value was represented by an asterisk (*) in the appropriate 
category, as shown in Figure 8.10 below.   The number of the asterisks in each category indicates 
the number of responses to the questions in the tool that matches the criteria of the category.  
This approach is similar to that by Luft and Roehrig (2007) in generating teacher beliefs profiles.   
177. 
 
 
Figure 8.10: Comparison of pre- and post-test beliefs profiles 
When the belief scores are presented as a frequency of choices across the different belief 
categories on the Belief Maps, patterns reflecting shifts in beliefs emerge.    The interpretation of 
the shifts was based on a similar methodological strategy as the creators of the tool.  In the tool 
the authors defined the degree of change based on the number of test items that move in a similar 
direction to establish the predominant teaching orientation (Luft & Roehrig, 2007, p. 44).  When 
variations between the tests were observed, they were interpreted within three categories: (1) a 
shift in beliefs, (2) an alternating shift and (3) no shift in beliefs.  A shift in beliefs occurred 
when six or all the responses moved at least one category in the same direction towards student-
centred oriented beliefs or teacher-centred oriented beliefs.  Alternating beliefs are noted when 
three or more responses (but not all) move a category in the same direction.  No shift in beliefs is 
noted when only one or two responses shift categories.   Six (6) of the pre-service teachers 
showed a positive, multi-category visual shift from the traditional towards the reform based 
beliefs, while four (shaded in yellow) experienced alternating shifts.  Student KM uniquely 
started with beliefs largely leaning towards desirable reformed bases beliefs and retained them 
after the intervention.  The six pre-service teachers, together with KM are shaded in green in the 
table as they all showed more reform based beliefs in the post test.  As per the description above, 
five of the pre-service teachers experienced no shift in their beliefs (shown by the unshaded 
portion of the figure).  Their responses remained located across the Traditional-Transitional 
categories.  The pre-service teachers who experienced a shift in their profiles, including those 
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who experienced alternating shifts, are in the majority.  They totalled 11.  This observation 
confirms the calculated statistical significance difference in the shift observed in the quantitative 
analysis. This means that, when knowledge components considered to effect transformation of 
conceptual understanding is discussed explicitly to pre-service teachers, their underlying beliefs 
tend to shift towards student-centred orientation to teaching.  
The six pre-service teachers who experienced multi-category shifts in their belief profile (shaded 
in green in Figure 8.10) appeared visually different from the rest of the group.  Their different 
profiles prompted interest to observe and compare to that of Topic Specific PCK. This group 
thus provided an opportunity to investigate the nature of relationship between beliefs and Topic 
Specific PCK, even though it was not part of the research questions of the study.  Pre-service 
teacher profiles for Topic Specific PCK were prepared in a similar manner as for belief profiles.  
The frequency scores were prepared by placing all similar numerical score values (from Table 
6.1, in Chapter 6) in the corresponding category on the Topic Specific PCK rubric.  It should be 
noted that the arrangement of pre-service teachers, according to their Topic Specific PCK 
profiles, is being done here for the first time to enable the proposed comparison with the belief 
PCK profiles.  The generated pre-service teacher Topic Specific PCK Profiles are shown in the 
figure below: 
 
Figure 8.11: Comparison of pre- and post-test TSPCK pre-service teacher profiles  
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The interpretation of the shifts was based on a methodological strategy adapted from the one 
used in beliefs (Luft & Roehrig, 2007).  The degree of change is based on the number of 
responses to test items that move in a similar direction.   At the first glance of the comparison 
(Figure 8.11), it appears at the beginning of the intervention pre-service teachers predominately 
displayed a limited level of quality of Topic Specific PCK.  However, the quality improved 
predominately to a developing level on completion of the intervention.  This eye-bird view points 
to an overall improvement across two categories.  When variations between the tests were 
observed more closely, they were interpreted within three categories: (1) a gain in Topic Specific 
PCK, (2) a developing Topic Specific PCK and (3) no developing Topic Specific PCK.  A gain 
in Topic Specific PCK occurred when four or all five responses moved at least one category in 
the same direction towards exemplary or limited categories.  A developing Topic Specific PCK 
is noted when three or more responses (but not all) move a category in the same direction.  No 
developing PCK is noted when only one or two responses shift categories.  In examining the 
figure above, it is observed firstly that most of the pre-service teachers experienced a gain 
(shown as shaded in green) or a developing (yellow) Topic Specific PCK.  Three (3 out of 16) 
students, according to the category description above, experienced no gain in Topic Specific 
PCK.  These are ZS, NG and LLM.  These pre-service teachers also had lowest Rasch measures 
in the quantitative analysis (Table 6.2, Chapter 6).  The pattern of shifts in the quality of Topic 
Specific PCK observed above supports the statistically calculated significant improvement 
between the pre and post-tests on the quality of Topic Specific PCK seen in Chapter 6.   This 
evidence is important as it adds convincing evidence in the context of the ‘reliability issues’ 
associated with using small sample sizes in the statistical calculations.  
 
Figure 8.12 below presents the patterns obtained for the posttests scores of both the beliefs and 
the Topic Specific PCK.  
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Figure 8.12: Comparison of the beliefs and TSPCK profiles in posttests 
The above profiles have been interpreted as reflecting the status of pre-service teachers on 
completion of the intervention.  Several observations are made from the above display: First, that 
there is a group of pre-service teachers who have the desired responsive/ reformed-based beliefs 
as well as the developing/ exemplary quality of Topic Specific PCK.   These are students (PPM, 
MC, KM, SM and TSM) shaded in green in the above Figure.  Student KM is included although 
she started with the desired reformed-based beliefs.  When describing these pre-service teachers 
in terms of shifts between the pre and post-test profiles (Figures 8.10 and 8.11), it is observed 
that they all experienced shifts in beliefs and gains in the quality of Topic Specific PCK.  
However, the correlation is not very smooth as there is an odd case of student SM (Mushe) 
whose beliefs appears more in the transitional category but has an exemplary quality of Topic 
Specific PCK.  Similarly, student TSM (Themba) who has responsive beliefs but largely a basic 
quality of Topic Specific PCK with one component registering in the developing and exemplary 
categories respectively.  Thus student Themba is not such a good fit in this group but also not in 
others as will be shown below.  It has also been noted from the extracts of the work of his group 
and that of his own that he struggled with aspects of representations (Figure 6.22) at sub-
microscopic level and also with conceptual teaching strategies (Figure 6.25).    A second group is 
comprised of pre-service teachers who have beliefs lying predominately in the instructional/ 
transitional categories, and have the desired quality of Topic Specific PCK in the developing/ 
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exemplary categories. These are students PMT and PM shaded in yellow in Figure 8.12 above.   
In terms of shifts in their profiles, these students experienced marginal shift in beliefs but gains 
in Topic Specific PCK. The third group is comprised of pre-service teachers who have beliefs in 
the transitional category and limited to a basic quality of Topic Specific PCK. These students as 
seen from their profiles (Figures 8.10 and 8.11), experienced no shift or very minimal shifts in 
both their beliefs and Topic Specific PCK profiles.  These are students (LLM and JS) shaded in 
pink.  The fourth group is pre-service teachers who have transitional/ responsive kind of beliefs 
but a limited quality of Topic Specific PCK.  These are students ZS and NG shaded in blue.  In 
terms of shifts in profiles, they experienced a shift in beliefs but not in the quality of Topic 
Specific PCK.    The last group is pre-service teachers who have traditional/ instructional beliefs 
and basic/developing Topic Specific PCK. These are students (KGS, JDL, MM, BM and BS) un-
shaded in Figure 8.12 above.  They retained their initial teacher centred oriented beliefs but 
experienced a gain in the quality of Topic Specific PCK. The above observations about the 
relationship of underlying beliefs and Topic Specific PCK may be summarized in the table below 
as follows: 
Table 8.4: Comparison of qualitative categories of beliefs vs. TSPCK 
Pre-service 
Teachers 
Beliefs Teacher 
Profiles  
Topic Specific PCK 
Teacher Profiles 
Observation 
Pre Test vs. Post Test Pre Test vs. Post Test 
PPM, MC, 
KM*, SM and 
TSM 
A (major) shift towards 
student centred beliefs 
A gain in Topic Specific 
PCK 
Multiple category positive 
shift in beliefs with a positive 
multi-category gain in Topic 
Specific PCK 
PMT and PM A marginal shift 
towards student centred 
beliefs 
A gain in Topic Specific 
PCK 
A marginal shift in beliefs 
with a gain in Topic Specific 
PCK 
LLM and JS A marginal shift in 
towards student centred 
beliefs 
A marginal or nor gain in  
Topic Specific PCK 
Pre-service teachers who 
experienced marginal shifts in 
both measured constructs 
ZS and NG  A (major) shift towards 
student centred beliefs 
No gain in Topic Specific 
PCK 
Odd case of no gain in Topic 
Specific PCK but large 
change in beliefs 
KGS, JDL, MM, 
BS and BM  
No shift in Beliefs A gain in Topic Specific 
PCK towards developing 
PCK 
No shift in beliefs with a 
positive or developing Topic 
Specific PCK 
KM* started with Responsive type of Beliefs two categories higher than the group 
The above analysis reveals the complex nature of the correlation between underlying beliefs and 
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Topic Specific PCK, where both student centred and teacher centred beliefs co-exist with Topic 
Specific PCK.  The interpretation of the observation is that Topic Specific PCK may also 
develop in pre-service teachers who hold teacher centred beliefs and those whose beliefs are 
transitional between teacher- and student-centred beliefs.  It must however, be recalled that the 
intervention outlined in Chapter 5 did not explicitly target beliefs.  The observed shifts in beliefs 
are due to the cognitive development of aspects related to Topic Specific PCK and SMK.  A 
recommendation with regard to explicit discussions on underlying beliefs, is made in the 
concluding chapter. 
8.3.2 Beliefs of pre-service teachers about what teaching science means 
In addition to linking responsive and reformed based beliefs to PCK (Luft, 2009),  Geddis and 
Wood (1997) argue that teachers with PCK believe that teaching is about transformation of the 
teachers’ understanding.  According to Shulman (1987), the benefit for teachers with PCK, is 
their capacity to transform their comprehension as they pedagogically reason about their 
teaching. He described transformation as “the capacity of a teacher to transform the content 
knowledge he or she possesses into forms that are pedagogically powerful and yet adaptive to 
the variations in ability and background presented by the students” (p. 15).  The idea of teaching 
involving transformation of subject matter knowledge, has been supported by a number of 
researchers (Abd El-Khalick, 2006; Davidowitz & Rollnick, 2011; Gess-Newsome, 1999b). In 
this study, the belief about teaching involving transformation of subject matter was tested.  An 
additional question was inserted into the Belief tool to solicit written responses of the pre-service 
teachers about their beliefs in the meaning of teaching, specifically science (see extract below): 
 
Figure 8.13: An added question in the belief tool 
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The question was not analyzed through the Belief Maps, as it was an insertion to address 
specifically the meaning in teaching.  Following below is the analysis and discussion on the 
captured descriptions as written by pre-service teachers.  The focus of this analysis is to look for 
evidence of the mentioned belief through the explicit acknowledgement of the need for 
transformation and/or a high focus on learner centredness or promotion of enquiry based 
learning. Specific interest was placed in determining the responses of the pre-service teachers 
falling into the pattern of beliefs described in sub-section (i) above.  First, a closer look is taken 
at the responses of the pre-service teachers who are in the cohort that experienced change in 
beliefs (shaded in green in Figure 8.12 and Table 8.4).   
 
Figure 8.14: The pre and post-test responses to the added question by student SM (Mushe) 
[BT12:SMi] 
 
Student Mushe is one of the pre-service teachers who experienced a shift in beliefs.  The 
response in the pre-test reveals a number of aspects that place importance solely on the 
understanding of conceptual knowledge by the teacher.  The post-test response indicates a 
development in beliefs, where both ‘deep comprehension’ and its transformation are 
requirements for teaching.  This is evidence reflecting a positive development towards 
reformative beliefs that are associated with transformation of comprehension, deep 
comprehension. A similar development is seen in student PPM who also experienced a positive 
shift in beliefs.   
 
Post-test 
Pre-test 
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Figure 8.15: The pre and post-test responses to the added question by student PPM 
[BT12:PPMi] 
In this case, the pre-test response reflects a belief where the teacher has a role of making students 
understand.  The post-test response while not explicitly referring to transformation or enquiry, 
however reflects, an understanding that the teacher plays a helping role rather than a ‘making to 
understand’ role.  Also included below is an extract, a response from student MC, whose change 
across the pre/post- test is more explicit in terms of inclusion of both transformation and enquiry 
based requirements.  
 
Figure 8.16:  The pre and post-test responses to the added question by student MC (Shepard) 
[BT12:MCi] 
 
While student MC’s pre-test response has an inclination towards student centredness as seen in 
Figure 8.16 above, it is the explicit articulation seen in the post-test that is convincing.  Similar 
evidence of recognition of the need for transformation of understanding is seen in students TSM 
and KM who fall into this category.  Student KM started with belief types that were leaning 
Post-test Pre-test 
Post-test 
Pre-test 
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towards responsive/reformed-based and retained them, as seen from the extract below. 
 
Figure 8.17: The pre- and post-test responses to the added question by student KM 
 [BT12:KMi] 
 
The next cohort of pre-service teachers in the last, unshaded row in Table 8.4, according to the 
findings in session (i) above, experienced no change in their beliefs but a gain in TSPCK. Their 
responses to the added question are also of interest to this study.  Given below is an extract of a 
response from student JDL, who experienced no shift in the beliefs but a gain in Topic Specific 
PCK. 
 
Figure 8.18: The pre- and post-test responses to the added question by student JDL 
[BT12:JDLi] 
 
Student JDL pre-test response has emphasis on mastering the conceptual knowledge by the 
teacher and be more practical.  The meaning of practical is clearer in the post-test response 
where it is used to refer to science experiments.  However, the emphasis on the teacher, rather 
than the students is repeated again in the post-test response.  The belief on the authority of the 
teacher to know all, is confirmed in the post-test statement ‘The teacher should ensure that 
learners believe what he/she teach’.  The content of the responses reflect traditionally related 
kind of beliefs in both the pre and the post- test.  A similar teacher centred type of beliefs is seen 
Post-test Pre-test 
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in student BM’s pre- and post-test responses, where emphasis is on ‘teacher making learners 
understand’. 
 
Figure 8.19: The pre- and post-test responses to the added question by student BM 
 [BT12:BMi] 
teach’.  The content of the responses reflect traditionally related kind of beliefs in both the pre 
and the post- test.  Student MM also reflected beliefs that are teacher centred in both tests. 
  
Figure 8.20: The pre- and post-test responses to the added question by student MM 
 [BT12:MMi] 
While the pre-test response expresses a noble idea of ‘making a difference to the 
underpriviledge’ though not explicit on the how, the essence of the response has emphasis on the 
teacher.  The post-test provides some insight into the actions meant, referring to self-advancing 
in the knowledge and skills of science. None of the responses refers explicitly to the practices in 
class that involve transformation or at least the engagement of learners. 
8.3 Concluding Discussion  
The use of the Mixed Method for analysis of data has been visually of high value in this chapter. 
Pre-test Post-test 
Pre-test Post-test 
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Findings from these methods brought different insight into understanding the pre-service 
teachers’ beliefs.  The graphical representation of the pre-/post-test responses by question 
provided insights into evidence of a developing curricular saliency aspect that is so subtle that it 
may have been lost by other methods.  The importance of this finding (about curricular saliency) 
is the confirmation on the observation made in Chapter 6 of a positively developing Topic 
Specific PCK in pre-service teachers. The overall change in beliefs have been found to be 
statistically, significantly different at 95% confidence level, confirming the observed shift in the 
pre-service teachers’ beliefs profiles, shown in Figure 8.10.    
 
The qualitative analysis of the belief scores into teacher profiles, provided insight into the pattern 
of the calculated significant shift that would not have been determined through quantitative 
means.  The identification of groups of pre-service teachers with three different belief profiles 
was of interest to note, when compared to their profiles on Topic Specific PCK. The comparison 
revealed the complex nature of the correlation between underlying beliefs and Topic Specific 
PCK.  Both student-centred and teacher-centred underlying beliefs were found to be present in 
the experience of a gain in Topic Specific PCK.  Also, student-centred beliefs were found not to 
necessarily correspond to developing or exemplary Topic Specific PCK.   The analysis of written 
responses about what teaching science means by pre-service teachers, provided an opportunity to 
test the posit by Geddis and Wood (1997), that expert teachers with PCK are likely to hold 
beliefs that teaching is about transformation of subject matter.  The results indicate that the above 
view is held by pre-service teachers who have PCK, as well as holding a student-centred belief 
about teaching science. The view was not seen in pre-service teachers with PCK and a teacher-
centred belief.  This finding draws our attention to the influence, and thus the importance, of the 
kind of beliefs that underlie teaching of science. The following observations about beliefs of pre-
service teachers are thus made: Firstly, that it is feasible to have Topic Specific PCK while 
holding a teacher-centred belief towards teaching science. Secondly, that pre-service teachers 
found in this category refers to the inclusion of practical work in their teaching, however, with 
more emphasis on their role than that of students.  It is likely, that the reference to practical work 
is ‘lip-service’, as they perhaps understand that practical work is encouraged.  The likely 
implication of pre-service teachers in this scenario is that, while their lessons will have evidence 
of acknowledgement of misconceptions, organized in terms of big ideas and emphasis of what is 
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core and what is peripheral, with the use of representations and teaching strategies that uses 
experiments, the overarching emphasis will be on the teacher doing everything.  Students will be 
exposed less to inquiry based learning.  So, the implication of this finding is that the promotion 
of reform-based beliefs, when targeting the development of Topic Specific PCK, should not be 
undermined, as it does not always automatically follow.   I therefore recommend that the target 
for development should not only be on Topic Specific PCK, or but also include the awareness of 
the implications of teacher-centred beliefs and the explicit promotion of student-centred oriented 
beliefs.  As this chapter was addressing the last research question about beliefs in this study, the 
next chapter looks at concluding remarks of the entire study. 
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CHAPTER 9 
9.  DISCUSSIONS AND IMPLICATIONS  
This chapter provides a reflective summary of my study, drawn from the discussions in the 
preceding chapters.  It links the proposed theoretical propositions to empirical findings for 
examination and drawing of conclusions.  As a start, reflection is made on the argument 
advanced in establishing the validity of the newly introduced theoretical construct - Topic 
Specific PCK, as the important element of the study.  This is followed by a discussion on the 
location of the new construct within the adapted transformation model of PCK.  Reflection is 
further made on the development and the use of a new tool that measures the quality of Topic 
Specific PCK.  The empirical findings of the study are examined and the implications for teacher 
development, specifically within the context of South Africa, are drawn.  A list of 
recommendations is forwarded with suggestions for future research. The chapter ends with a 
reflection on the research process and with personal reflection on the study.  
9.1 Introduction  
The starting point of this study was the acknowledgement of Shulman’s (1987) theoretical idea, 
that effective teaching requires transformation of subject matter knowledge (SMK).  Also, the 
benefit of the presence of PCK in seasoned teachers is the enabled capacity to transform 
conceptual comprehension to forms accessible by learners.  The above understanding was linked 
to Geddis and Wood (1997) in science and. Ball et al. (2008) in mathematics, who identified a 
set of knowledge components related to the teaching of content considered collectively to enable 
pedagogical transformation.  In this study, a theoretical proposition was made that if teaching 
requires transformation of comprehension, then transformation needs to happen for each topic 
taught.  Also, if PCK is associated with the benefit of transforming comprehension, then the 
benefit of transformation at a topic level is associated with PCK for that specific topic.  I have 
termed this kind of PCK – Topic Specific PCK.  Topic Specific PCK is thus a theoretical 
construct whose validity has first been established in the study: then its improvement in pre-
service teachers was then investigated using a specially designed topic specific tool.  The 
discussion below provides a reflective summary of the above process and the findings.  I first 
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highlight the new contribution to knowledge established in both the theoretical and empirical 
discussions. This is followed by a summary of research questions with responses as per the 
findings of the study.  I return to the research questions used in this study, and reflect on their 
answers as informed by the findings.  In the penultimate section, I address the implications of the 
findings and make recommendations for the teacher development programmes, specifically in 
the context of South Africa.  I then reflect on my study, both from a methodological view, with 
respect to using Mixed Methods,  ensuring validity and trustworthiness and also on my personal 
viewpoint.   
9.2 Contribution to New Knowledge 
The theoretical idea of Topic Specific PCK, as a construct, surfaced in the late 1990s in the 
taxonomies suggested by Veal and MaKinster (1999).  The authors acknowledged its potential, 
when they referred to it as ‘the most specific and novel level’.  Several scholars in science education have made calls for its exploration (Abell, 2008; Kind, 2009a).  However, little is 
known of empirical studies that explores and implement the construct in science education.  The 
major contribution and feature of this study is that it builds on the foundation of theoretical 
conceptions of PCK.  It advances the existing ideas of PCK and transformation of SMK into the 
formulation of the construct of Topic Specific PCK.  In doing so, a theoretical framework is thus 
defined, influencing conceptualization of a tool to measure the quality of PCK at a topic specific 
level.  The uniqueness of this study lies in the formulation of the construct to be investigated, the 
theoretical framework in which the investigations happen and the tool for use in the 
investigation.  Such an effort is original.  The reflections below, therefore, start with the 
theoretical propositions. 
9.2.1 Theoretical propositions that contribute to new knowledge 
(i)  A Theoretical Framework – locating Topic Specific PCK  
While this chapter is reflective in nature, it is, however, important to recall briefly the theoretical 
conceptualization of the framework for the discussion. Firstly, the theoretical framework 
proposed for this study is to be understood from a perspective of developing PCK.  The intention 
behind it, is to understand the knowledge needed to develop PCK within a specific science topic 
so that it can be taught progressively in teacher preparation programmes.  Thus, the framework 
draws on two theoretical ideas: Firstly, the idea of Pedagogical Content Knowledge (PCK), 
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influenced by four knowledge domains, namely knowledge of context, knowledge of students, 
SMK and PK. In this model the influence of beliefs in acquiring and using PCK are 
acknowledged.  The second idea pulled into the framework, which is key to this study, is the 
Pedagogical Reasoning (PR) model (Shulman, 1987), with particular emphasis on the process of 
transformation.  Transformation in this model is seen as both knowledge and process. The 
knowledge part is comprised of the five components listed in the diagram below, while the 
process entails pulling of these components together in planning and reasoning about teaching a 
specific topic.  Thus the focal point joining these two theoretical ideas is the SMK domain, 
where transformation of content happens as the content is reasoned about for purposes of 
teaching (see Figure 9.1 below).   
 
Figure 9.1: Topic Specific PCK Theoretical Framework as used in the study 
While the ideas of PCK and that of Reasoning through transformation are not new, the proposed 
architecture provides a reference frame for exploring transformation of SMK topic by topic 
through the understanding of the knowledge that transforms each topic. Such a reference frame is 
new.  The proposition made in this study is that the contribution to the development of PCK by 
the other knowledge domains is acknowledged, however the magic is in the transformation of 
SMK.  The emphasis is observed in Shulman’s words: “Comprehended ideas must be 
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transformed in some manner if they are to be taught” (Shulman, 1987, p. 16). Thus, on to the 
SMK domain and its theoretical linking path to PCK I have inserted the transformation 
experience.  The location is also informed by the understanding, shown in the literature review 
that for pre-service teachers, even in the presence of strong science subject matter background, 
proficiency in PCK is not guaranteed (Lee et al., 2007).  I have identified the kind of knowledge 
components that collectively work together to enact pedagogical transformation as discussed in 
the literature review, as (1) Learners’ Prior Knowledge, (2) Curriculum Saliency, (3) What 
makes the topic easy or difficult to understand, (4) Representations including powerful examples 
and analogies and (5) Conceptual Teaching Strategies.  The structuring of the knowledge 
domains in the proposed framework has enabled the study to selectively zoom into the SMK-
SMK transformation-PCK link and the beliefs that influence it.  In this framework, teacher 
beliefs about teaching science are recognized.  Teacher beliefs that promote student centred type 
of classroom practices (Luft, 2009) and those regarding teaching as a transformation of 
conceptual understanding (Geddis & Wood, 1997) are believed to be associated with the 
presence of PCK. The theoretical framework was thus used to explore the development of Topic 
Specific PCK as the pre-service teachers were learning explicitly about the knowledge that 
enables transformation of their understanding of a specific topic – chemical equilibrium.  The 
findings in chapters 6 – 8 have shown that pre-service teachers modified and improved their 
SMK in the process of developing their Topic Specific PCK.  This suggests a reverse link even 
before the Topic Specific PCK was “in place”.  Furthermore, both teacher-centred and student-
centred beliefs were found underlying the presence of Topic Specific PCK in pre-service 
teachers.  On the basis of these findings the proposed theoretical framework has been revised to 
reflect both the reciprocal nature between SMK and Topic Specific PCK, and the broadened 
beliefs.  Furthermore, in the discussion of the conceptual teaching strategies component, while 
effort was made to emphasize choice of strategies based on conceptual issues, some elements 
that are shared with the general pedagogical knowledge surfaced. For example, “using 
experiments as an approach”, while specific to science but is not tied onto a specific concept 
could be generic. This aspect is now reflected in Figure 9.2 by a faint line from PK to Topic 
Specific PCK, similar to that of knowledge by students. The arrow between SMK and Topic 
Specific PCK is now replaced by double but opposite arrows reflecting reverse relationship 
between the two. The belief box now explicitly reflects both teacher and student centred beliefs.  
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Figure 9.2: Modified Topic Specific PCK Theoretical Framework as per findings 
While a detailed reflection on beliefs is given below, the finding that teacher Topic Specific PCK 
may be developed in the presence of teacher-centred beliefs, indicates a need to also address 
teacher beliefs explicitly in teacher preparation programmes.  
 (ii)  Topic Specific PCK as a construct  
The study intended to improve the quality of PCK in pre-service teachers using the ‘SMK-SMK 
transformation-PCK’ link.  This link however alone is not sufficient to produce broader PCK, as 
the model calls for considerations of the links to other knowledge domains: the student 
knowledge, student context and pedagogical knowledge domains as well.  Thus, the PCK to be 
observed, resulting from the mentioned ‘SMK-SMK transformation-PCK’ link is only with 
reference to the topic under study.  Topic Specific PCK, as discussed in Chapter 2, is proposed in 
this study, as a theoretical construct referring to the capability needed to transform teachers’ own 
comprehension of a given topic into formats that are suitable for teaching (Shulman, 1987).  
Topic Specific PCK as a construct is the spine on which the essence of this study is based.  It is 
therefore crucial to establish its validity through the guidelines for construct validity.  As Kane 
(2012) points out, for a theoretical construct for which there is no uniquely pertinent criterion to 
predict, nor an agreeable domain of content to sample (p 462), such as descriptions that refer to 
the person’s internal processes into which Topic Specific PCK fits, construct validation 
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invariably requires multiple evidence (p 451).  In this study, such evidence is empirical in nature 
and has been highlighted at various stages.  These will be pointed out throughout this discussion.  
For now, in acknowledgement of the complexity of the nature of the interactions that constitute 
PCK, the idea of Topic Specific PCK, as defined above, has provided a filter allowing the 
selective exploration of the interactions in the single SMK - SMK transformation - PCK link. 
(iii) Topic Specific PCK Tool  
The development of the tool in the study served a dual role – as needed for the purpose of the 
study and as a contribution to the literature on Topic Specific PCK instruments.  The discussion 
below reflects on the process of developing the tool as well as its validation.  The 
conceptualization of the tool was based on the same five knowledge components that formed 
the epistemological composition of the Topic Specific PCK construct.  The rationale for the 
components comprising Topic Specific PCK, has been given above and in Chapter 2, as a 
theoretical source in the literature.  The assumption in the conceptualization of the tool 
therefore, is that the five knowledge components work together well to yield a new single 
dimensional kind of knowledge – Also, the knowledge components have a hierarchy, 
differentiating the difficulty of engaging each component.  While the order of the hierarchy was 
initially not fully understood, it was expected that the knowledge component ‘learner prior 
knowledge’ would be the least difficult, while teaching strategies would be the most difficult, as 
it encompasses all the other components.  These expectations are, however, limited to the topic 
of chemical equilibrium, used in the study.  I believe that when the same knowledge 
components are used with a different topic, the nature of the knowledge for each component 
would be different and specific to that topic.  Preliminary findings of a similar study, but on the 
development of a Topic Specific PCK tool for the particle nature of matter topic, present a 
different order for item difficulty (Pitjeng & Rollnick, 2012b).   The second feature of the tool is 
the promotion of reflection-on and reflection-in-action (Schön, 1983), by the manner in which 
the test items are constructed as teacher tasks, and located in explicitly described education 
contexts.  Magnusson et al. (1999) stressed that the development of PCK is determined by the 
content to be taught, the context in which the content is taught, and the way the teacher reflects 
on his/her teaching experiences.  In the same way, reflection on the concepts of the specific 
topic in the study is seen as an important element of the pedagogical reasoning process.  The 
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test items are thus examining PCK through processes of pedagogical reasoning, with emphasis 
on the comprehension and transformation processes for the given topic.  The third aspect of the 
tool is the use of a combination of multiple choice questions with open-ended questions.  This 
combination has improved the chances of capturing reflections on chosen answers, thus 
providing insight with respect to congruency and validity of the chosen answer, and enabling 
qualitative as well as quantitative analysis.  This aspect contributes to the validity of the tool.  
All three considerations mentioned above were points of discussion within the group of science 
education professionals, used as a reference group in the tool development process.  Two key 
understandings emerged from the interaction with the reference group.  Firstly, the requirement 
for SMK, as a necessary prerequisite for the development of PCK, was acknowledged (Rollnick 
et al., 2008).  PCK could not be expected in cases where the SMK is incorrect.  Therefore, a 
distinct feature of the tool is that it contains no statement reflecting incorrect SMK.  It is 
therefore implied that the questioned person should have enough content knowledge of the topic 
in order to recognize the correct application of the pedagogical principle (Carlson, 1990).  
Furthermore, not only should the respondent have topic specific PCK to answer the questions, 
but so should the researcher judging the items.  This realization influenced the selection of 
independent raters for scoring the test responses.  Chosen raters, therefore, had to be both 
knowledgeable in PCK and experienced in teaching the topic.  Such an act contributed to the 
construct validity of the tool by improving the content validity aspect.   
The discussion above has simultaneously provided insights into the rationale behind the 
conceptualization of the assumptions of the tool.  It further highlighted multiple aspects that were 
considered during the developmental stages that contribute positively to the validity of tool. 
Altogether the discussion has presented an ‘interpretive argument’ for construct validity. 
According to Messick (1989), construct validity requires both the interpretive and the validity 
argument.  The interpretive argument, as provided above, provides the conceptual rationale, the 
expectations and the assumptions made about the construct being measured (Kane, 2006).  The 
validity argument provides information about the coherency, reasonableness and the plausibility 
of the interpretative argument (p 23).  Thus, in this study, the Rasch statistical analysis provided 
a means of testing the assumptions and expectations made about the tool, i.e. the validity 
argument.  From the Rasch statistical analysis, it was noticed that the fit statistics showed that the 
responses to the test items all fell within the (+2;-2) conventional acceptable range, during both 
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the validation of the test with different teacher groups, as well as in the study with pre-service 
teachers.  This indicates that the test items, which are the five knowledge components listed 
above, work well together to measure a single construct – Topic Specific PCK as argued in the 
discussion above.  This aspect points to the validity of the proposed Topic Specific PCK 
construct.  Furthermore, the order of item difficulty revealed that the ‘students’ prior knowledge’ 
component was ranked least difficult while the ‘teaching strategies’ component ranked the most 
difficult, as predicted theoretically.  According to Wright and Masters (1982), the similarity of 
the theoretical order to the empirical order of difficulty adds further evidence of validity of the 
measured construct. This aspect provides a second evidence of validity of Topic Specific PCK as 
a construct. The validation of the assumptions and the expectations made in the interpretive 
argument for the tool, using a different method, indicates coherency and plausibility in regarding 
Topic Specific PCK as a valid construct.  The views by the reference team of experts on their 
observations about the nature of knowledge required by the test items, further confirms the 
content validity aspect of the construct.  The presentation of multiple evidence all points to the 
validity of the proposed theoretical construct, therefore giving weight to regarding Topic 
Specific PCK as valid, and a new contribution to the PCK discourse. 
9.2.2 The empirical findings that contribute to new knowledge 
(i) The improvement in Topic Specific PCK 
The discussion above has established the validity of the construct and its tool.  As the tool has 
been validated in different contexts (with practicing and pre-service teachers, respectively) so 
has the theoretical construct of Topic Specific PCK.  Thus the findings discussed below reflect 
reliable findings about a valid construct.   
The quantitative analysis showed a significant positive difference between the Rasch measures in 
the pre vs. post-tests at the 99% level of confidence.  The observed difference points to an 
improved level in the quality of the Topic Specific PCK in pre-service teachers’ through the 
intervention.  The meaning of this finding, based on the nature of the intervention, is that pre-
service teachers improved their understanding of the collective knowledge components that 
enable transformation of SMK. This improved understanding is with respect to the topic of 
chemical equilibrium.  It is at the level of reasoning about the teaching of the topic.  It therefore 
reflects improved thoughts on a string of aspects related to chemical equilibrium concepts, 
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specifically the structuring the topic into its big ideas, learners’ common misconceptions,  
identifying areas of difficulty in understanding, representations and analogies, and conceptual 
strategies to teaching the topic.  These thoughts have improved prior to the actual teaching of the 
topic in a real class.   The significance of this finding lies in providing a concrete empirical 
example of Shulman’s (1987) argument, that pedagogical reasoning is as much part of teaching 
as is the actual performance itself. When the quality of teaching is examined, the idea of 
influencing the grounds or reasons for a teacher’s decisions is desirable (p 17).  This means it is 
desirable to influence features of pedagogical reasoning that can be invoked to explain 
pedagogical actions (p 13).  Thus, this specific finding of my thesis presents a concrete empirical 
example of one way of accelerating the development of PCK within a topic, by targeting the 
transformation element of the pedagogical reasoning process for a given topic.  By so doing, the 
common phrase ‘PCK is topic specific’ will have a meaning that includes a clear way of 
developing the PCK in the topic.    
Further evidence of developing PCK was collected during the intervention qualitatively.  The 
analysis was based on recorded audio discussions of groups, collected class activities, and 
individual assignments.  The recorded group discussions (Themba’s group) revealed that, as the 
pre-service teachers were focusing on one of the components, they naturally made reference to 
another.  For example, in the discussion about common misconceptions it was noted that as they 
were discussing the knowledge component, they revealed the misconceptions that they 
themselves have.  Moments like these provided opportunities for improving conceptual 
understanding of the topic as the pre-service teachers assisted each other.  Furthermore, pre-
service teachers started to think and refer spontaneously to possible teaching strategies that they 
would use to combat the identified misconceptions.  This reference to teaching strategies was 
well before the explicit discussion of this knowledge component in class. A similar incident was 
again experienced with another group (Mushe’s group), when focus was on the use of 
representations to explain a closed system - reference was made to identifying aspects of the 
concept that were important for students to understand.  Knowing what is important to 
understand at particular points is a reference to an aspect of curricular saliency (Geddis and 
Wood, 1997).  Such natural cross-referencing suggests that the five knowledge components are 
connected and interdependent.  It is in moments like these, when pre-service teachers express 
their thoughts about what they think they would do in teaching a concept, what representations 
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they would use with a given reason, what they would emphasize as important to the learners, that 
we see evidence of developing PCK with respect to the topic at hand.    
In another case, the transcript of the audio recording of Themba’s group discussing colour 
change in the NO2/N2O4 system revealed an interesting scenario of reasoning. The group 
wrestled through their own understanding of various concepts (their own SMK), examining 
which chemical aspect is influencing colour change and therefore to be represented using sub-
microscopic representations. Also, how the laws of mass conservation and stoichiometry are 
considered when using sub-microscopic diagrams to explain change in colour.  Once in 
agreement, a conceptually correct agreement that they finally reached through rigorous dialogue, 
they worked through what was the important aspect to be shown by the representation.   This 
discussion first illustrated a concrete example of Shulman’s posit of the process of reasoning, 
that teachers first establish their own understanding.  ‘The idea is grasped, probed, and 
comprehended by a teacher, who then must turn it about in his or her mind, seeing many sides of 
it.’ (Shulman, 1987, p.13). Secondly, the discussion by Themba’s group reflected a rigorous 
process that was connecting their comprehension of concepts to the process of transforming it 
(presenting the conceptual understanding using representations).  It appeared to be a process of 
repeated questioning and answering of pre-service teachers’ own conceptual understanding and 
the connectedness of aspects.  Such a process may be one of the opportunities that forces 
teachers to examine their own understanding of concepts, and therefore close gaps where 
occurring. Thereby, they improve their understanding of the concepts, as stimulated by the need 
to transform it.  This interplay of SMK and PCK confirms the pre-requirement for understanding 
of SMK in the development of PCK.   
Overall, the analysis of both quantitative and qualitative data complements the finding of an 
improved quality of PCK in the chemical equilibrium topic. Qualitative analysis provided further 
insight suggesting an interdependent relationship between the individual knowledge components 
of the Topic Specific PCK.  The observed interdependent relationship is in spite of the Rasch 
statistical finding that these components are ranked in order of difficulty.  Deduced from both 
these findings is an indication that while the different components may be exerting different 
demands on the teachers’ understanding, they are, however, collectively needed to enable 
pedagogical transformation and therefore Topic Specific PCK.  This deduction confirms further 
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the validity of Topic Specific PCK as a construct comprised and needing all five components as 
postulated in this study. Qualitative analysis further revealed the process of transforming SMK as 
rigorous, full of repeated reflections exposing conceptual gaps that force a search for 
understanding.  The repeated reflections and search for understanding appear to serve as 
‘connecting platforms’ between SMK and its transformation, thus its PCK.  These connecting 
platforms were prevalent in the deliberations of the students’ prior knowledge (misconceptions) 
and the representations components.  This observation is in line with those of various 
researchers, pointing to the importance of teacher reflections in developing PCK (Park & Oliver, 
2008; Schon, 1988).  
An important contribution to new knowledge is made by this major finding.  Topic Specific PCK 
as measured in the context of pedagogical reasoning, specifically the transformation element, has 
been found to improve with explicit instruction.  This suggests possibilities for accelerated 
preparation of teachers for practice in the realm of a construct which has previously been thought 
to be developed with extended and reflective experience only.  The finding has immediate 
potential benefits for teacher preparation in the South African context. 
(ii) The improvement in understanding of SMK within a topic 
The statistical analysis of the pre- and post-tests scores from the achievement tool, has brought a 
number of aspects to the surface. They are discussed below.  It is important to recall that the 
intervention emphasized the explicit discussion of the knowledge that effects pedagogical 
transformation of content.  In a way, this emphasis set the context of the class discussions as 
‘learning for teaching’ (my words).  In this context, discussion on subject matter concepts were 
in relation to student prior knowledge, curricular saliency, what is difficult to teach, 
representations to use and teaching strategy.   All of these considerations forged reasoning about 
teaching the concepts.  The first point shown by the analysis is that, pre-service teachers gained 
significant understanding of chemical equilibrium concepts when explicit discussion about their 
transformation for teaching was conducted. This is shown by the calculated significance 
difference at 99% confidence level.  The finding is further verified by evidence of increased 
understanding found in qualitative data collected during class activities, such as in the texted 
group discussions about the meaning of the unequal double arrows needed to interpret 
representations, and the understanding of Le Châtelier’s principle needed to determine whether it 
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is a big idea or subordinate concept.  It must be noted that discussion on the understanding of 
actual concepts came through only on a need basis, either through the recognition of 
misconceptions or genuine knowledge search by pre-service teachers, as needed for the 
completion of a PCK related task. This appears to be an important requirement for initiating the 
rigorous process of wrestling for conceptual understanding.  
All these cases build towards a concrete example where subject matter knowledge improves as a 
result of the explicit discussion about its transformation for teachability.  Thus, the understanding 
of chemical equilibrium concepts learnt in the context of pedagogical reasoning, has been found 
to improve with explicit instruction of the components of transformation.  This suggests 
possibilities for teaching approaches in the preparation of teachers that breaks learning barriers in 
concepts commonly regarded as difficult and abstract. This finding is a new contribution to 
knowledge on conceptual teaching. 
There are, however, other insights, established alongside the above major finding.  The first one 
is the realization that understanding of SMK could be established from the proposed teaching 
strategies expressed in the different forms of teaching plans. The manner in which a teaching 
plan is outlined reflects on the level of understanding of the concepts at hand.  For example, 
reference in the lesson outlines (Chapter 7) by students Shepard and Mushe to factors they 
consider important to talk about when discussing disturbances to chemical equilibrium, and the 
use of the equilibrium constant expression to verify the applicability of Le Châtelier’s principle, 
reflects good understanding of concepts in the topic. These examples reflect a deeper level of 
conceptual understanding while simultaneously displaying sound conceptual teaching strategies. 
Other than complementing the quantitative findings above, the display of SMK understanding in 
PCK related environment, as shown above, suggests an interdependent relationship between 
SMK and PCK.  However, this observation is not seen in environments where only SMK 
understanding is the focus, such as in the achievement test for example. It appears to emerge in 
contexts of planning and strategizing about the teaching of content.   Two cases may be recalled 
to illustrate the nature of this relationship.  In Chapter 6, when pre-service teachers were asked to 
interpret the meaning of a chemical equation, that was explicitly stated to be at chemical 
equilibrium, but expressed using two unequal, opposite arrows, instead of equal double arrows, 
pre-service teachers struggled.  Such an expression is used to represent a chemical reaction at 
201. 
 
equilibrium with the concentration of the species pointed by the longer arrow higher than that 
pointed by a shorter arrow. Interpretations by pre-service teachers of the unequal arrows ranged 
from meaning chemical equilibrium not yet attained, through the rate of reaction being faster in 
the direction of the longer arrow, to reactants and products being separated.  This was so, despite 
the explicitly given information about the reaction being at equilibrium. This observation 
represented a disjuncture between conceptual understanding and use of a representation because 
of the existence of a misconception.  A similar observation was made where the success of 
completing PCK related activities (producing representations this time) was dependent on the 
understanding of SMK concepts of the topic and that of the connectivity to related concepts of 
other topics.  In figuring out how to make sub-microscopic representations of a chemical 
observation (colour change) in an NO2/N2O4 equilibrium system, pre-service teachers struggled 
first to isolate the concept responsible for the observed chemical change, then struggled further 
to reflect all other traditional conceptual considerations about reactions, such as the law of mass 
conservation in their representations.  Therefore, these examples demonstrate that the observed 
inter-relationship between SMK and PCK is not only prevalent in contexts of planning and 
reasoning for teaching, but is also dependent on good understanding of the concepts and the 
connectedness of the related concepts.  It confirms the observation for SMK being a pre-requisite 
for the development of PCK by various scholars (Rollnick et. al, 2008). It further provides 
concrete examples that shed light about the possible reflective nature of the mechanism of 
transformation that connects SMK to PCK.      
(iii) The underlying beliefs 
The use of the Mixed Method for analysis of data has been of great value with respect to 
revealing the development trail of beliefs.  The graphical representation of the pre-/post-test 
responses by question, and their analysis by inspection, provided insight into evidence of a 
developing curricular saliency knowledge component, that is so subtle that it may have been lost 
by other methods.  The importance of this finding is the confirmation on the observation made in 
Chapter 6 of a positively developing Topic Specific PCK in pre-service teachers. The overall 
change in beliefs have been found to be statistically significant different as shown by a 
calculated value of less than 0.010, at 95% confidence level.  The calculated significance 
difference confirms the qualitatively calculated shift in the pre-service teachers’ beliefs profiles 
shown in Figure 8.11.    
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The qualitative analysis of the belief scores in teacher profiles, provided insight into the pattern 
of the calculated significance shift that would not have been determined through quantitative 
means.  The identification of groups of pre-service teachers with three different belief profiles, 
was of interest to note when compared to their profiles on Topic Specific PCK. The comparison 
revealed the complex nature of the correlation between underlying beliefs and Topic Specific 
PCK.  Both student-centred and teacher-centred underlying beliefs were found to be present in 
the experience of a gain in Topic Specific PCK.  Also, student-centred beliefs were found not to 
necessarily correspond with developing or exemplary Topic Specific PCK.   The analysis of 
written responses about what teaching science means by pre-service teachers, provided an 
opportunity to test the posit by Geddis and Wood (1997) about expert teachers with PCK, likely 
to hold beliefs that teaching is about transformation of subject matter.  The results indicate that 
the above view is held by pre-service teachers who have PCK, as well as holding a student-
centred belief about teaching science. The view was not seen in pre-service teachers with PCK 
and a teacher-centred belief.  This finding draws our attention to the influence of beliefs that 
underlie teaching of science. The following observations about beliefs of pre-service teachers are 
thus made: (i) it is feasible to have Topic Specific PCK while holding a teacher-centred belief 
towards teaching science; (ii) pre-service teachers found in this category refer to the inclusion of 
practical experiments in their teaching, but give more emphasis to their role than that of students.  
The likely implication of pre-service teachers in this scenario is that, while their lessons will 
have evidence of acknowledge of misconceptions, be organized in terms of big ideas and show 
emphasis of what is core and what is peripheral, with the use of representations and teaching 
strategies that use experiments, the overarching emphasis will be on the teacher doing 
everything.  Students will be exposed less to enquiry-based learning.  This experience contrasts 
with pre-service teachers found to have both Topic Specific PCK and student-centred beliefs.  
So, the implication of this finding is that student-centred beliefs are likely to promote reform-
based learning, and therefore are preferred.  Thus the promotion of reform-based beliefs, when 
targeting the development of Topic Specific PCK, should not be undermined as it does not 
always follow automatically.  The target for the development of teachers should not only be the 
development of Topic Specific PCK, or even domain PCK, but include the awareness of the 
implications of teacher-centred beliefs as described above, and promote orientations towards 
student-centred beliefs.   The contribution made to new knowledge by this finding is that pre-
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service teachers, who have Topic Specific PCK, may have either student-centred or teacher-
centred beliefs.  Also holding student centred beliefs does not necessarily indicate the presence 
of Topic Specific PCK.  
9.3 Summary of Research Questions 
The main question that this study seeks to answer is: ‘To what extent is the development of PCK 
of pre-service teachers influenced by the explicit inclusion of the idea of transformation of SMK, 
when chemical equilibrium as a chemistry topic is taught?  Given the diversity in the 
understanding of what PCK is and the nature of PCK across many scholars, it was important in 
answering this question, first to draw the borders within which the kind of PCK of interest is 
defined in Chapters 2.  It was equally important to be clear about the model of PCK (integration 
or transformation) adopted by the study, a theoretical framework where the relations are 
displayed (Chapter 3) and identify the domains to be selectively investigated.  Thus, the main 
research question was re-structured into sub-questions that determine the impact of the explicit 
inclusion alluded to above, on the newly introduced construct itself (Topic Specific PCK), the 
SMK domain and beliefs. A tool would be determined that would measure changes in the quality 
of the new construct with appropriately certainty.  Four sub-questions were formulated and 
regarded as adequate for covering the aspects of the main research question of interest to this 
study. Reviews of the findings, conclusions and recommendations on these are given below:      
Research Question 1: The first research question was about a tool that can measure the quality 
of Topic Specific PCK.  While this question was not the main focus of the study, it had to be 
asked to establish the validity and trustworthiness of the tool used to measure a newly introduced 
theoretical construct.  As a scan of the literature showed the paucity of similar tools, or found 
‘Topic Specific’ tools found to be unsuitable, as discussed in Chapter 5 and above, it was 
important in the development of the tool to ensure clear representation of the constructs in the 
tool.  I have demonstrated this representation by structuring the tool items to correspond to the 
five knowledge categories that comprise the construct (Topic Specific PCK). The process of 
developing the tool has observed the typical stages as demonstrated by the evidence of the 
development trail shown in Chapter 4, through the different versions of the tool.   I have further 
used a reference team with expertise to critically review each of test items, not only for the 
accuracy of the subject matter knowledge referred to, but also for the appropriateness of the 
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questions in soliciting the quality of PCK.  The development process through consultations and 
piloting has involved the use of authentic responses from practicing science teachers to inform 
both the vocabulary and contexts.  Thus, in developing a new tool, great care has been taken to 
demonstrate the various aspects of construct validity, as shown through the process followed and 
confirmed through quantitative Rasch model statistical measurements in chapters 5 and 6.  The 
conclusion I make from the process followed and the statistical measurements, is that the tool is 
valid in measuring the construct Topic Specific PCK.  
Research Question 2: The second research question was about measuring the impact of the 
intervention on the development of Topic Specific PCK.  The demonstration of the validity of 
the newly introduced construct, in addition to the conceptual argument made in Chapter 2, was 
linked to the process of developing the tool. Thus, the existence of a tool that has been proved to 
measure the quality of the construct (Topic Specific PCK) with validity and reliability, provided 
the means to answer the research question with acceptable certainty.  Data with respect to this 
question was collected as a set of pre- and post-tests, that were analyzed in pairs. Furthermore, 
the use of qualitative methods to track the development of the construct during the intervention 
provided additional complementary information in answering the question.  Thus, the answer to 
this research question is that there is a significant improvement in the quality of Topic Specific 
PCK in pre-service teachers when exposed explicitly to discussions about transformation of 
SMK. 
Research Question 3:  The third research question was about the measuring of the impact of the 
intervention on pre-service teachers’ understanding of subject matter knowledge.  For this 
question, a diagnostic tool derived from content questions lifted from widely reported existing 
tools in chemical equilibrium in the literature was used.  It could be accepted that the validity of 
these questions has been established.  Furthermore, the use of a reference group comprised of 
experts in the field of science education, specifically chemistry, improved the content validity of 
the tool. Thus, the answer to this question is that, as pre-service teachers learn about the 
knowledge needed to transform SMK, in the process they also improve their conceptual 
understanding significantly.  
Research Question 4:  The fourth and last research question was about measuring the impact of 
the intervention on the underlying beliefs held by pre-service teachers about teaching science. 
205. 
 
For this study, a well-established tool in measuring beliefs in teaching science was used.  The 
validity and the reliability of the tool were re-established for the context of the study, thus 
providing means for establishing valid answers to the research questions.  The answer to the 
question is that exposure to explicit discussion about transformation of SMK results in 
significant shifts from teacher-centred to student-centred kinds of beliefs.  However, while 
significant, the shift was less than that observed of Topic Specific PCK and SMK.  
The four research questions have provided adequate findings enabling the formulation of a 
response to the main research question as follows:  
For the pre-service teachers in this study, the explicit discussion of the knowledge components 
enabling transformation of SMK in the teaching of the chemical equilibrium topic, has led to 
significant improvement (0.001 level) of PCK within the topic, a corresponding significant gain 
(0.001 level) in the understanding of the concepts of the topic, with a further significant shift 
(0.035 level) in underlying beliefs.  Of interest, however, was the finding that pre-service 
teachers, who retained teacher-centred related beliefs, also experienced a gain in Topic Specific 
PCK.   
9.4  Conclusions and Recommendations 
While my study was within a specified case of pre-service teachers, and therefore cannot be 
generalized, the following recommendations are made to the science education community with 
implications for both the preparation of science pre-service teachers and the discourse about 
PCK as a useful construct:   
(i) Implications for the science education research community 
 My thesis has shown that despite the current diversity and lack of unity in the 
understanding of what the construct of PCK is, there is empirical evidence for its topic 
specific nature. Therefore, the idea of exploring the concept piece by piece through the 
topics of school science has promise for understanding the nature of the whole (PCK) 
better. 
 Through this study, I have put forward an empirical illustration of a theoretical 
framework that links PCK within a topic explicitly to the knowledge that enables 
pedagogical transformation of the subject matter knowledge.   Such an explicit link has 
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enabled the understanding of the relationship between SMK and Topic Specific PCK to 
be reciprocal, where one forms as the other is forming (Chapters 6-8).  Furthermore, that 
the mechanism for transformation requires collectively all five knowledge components of 
Topic Specific PCK. This was seen through cases where while focus was on the one 
knowledge component, considerations for the other emerged naturally. The findings of 
this study, while limited, allude to the importance of considering the five knowledge 
components of Topic Specific PCK defined herein as a feasible response to the question 
‘how to develop PCK with a topic’.   Thus, core topics in science, including chemical 
equilibrium, should be identified and research on developing PCK within them be 
explored at a larger scale.   . 
 
 The statistical analysis of the newly designed Topic Specific PCK Tool using the Rasch 
model, in Chapter 4, has shown, as predicted, the knowledge component – conceptual 
teaching strategies - to be the most difficult for pre-service to engage with.  It has been 
argued in this study that this component has a nature that subsumes the knowledge of the 
other components. In the same context, the findings has also indicated the 
interdependence nature of the other components. This finding is also in the context that 
there is evidence that  The finding supports the emerging trend where the component 
including that of students’ knowledge has been found common in other models of PCK 
(Park, 2010). Thus, further research is needed where the degree of interaction between 
the five knowledge components of Topic Specific PCK is explored to identify 
components that may be leverage points in the process of developing PCK within a topic. 
 
(ii) Implications for the preparation of pre-service teachers 
 The findings in Chapter 6 indicate that PCK, within a topic, may be improved 
significantly in pre-service teachers. PCK is a desirable attribute of expert teachers, 
previously understood to be acquired over extended periods of practice and reflection. It 
is, therefore, recommended that Topic Specific PCK as a construct be part of the 
development goals in teacher preparation programmes, specifically in the context of 
South African with a high shortage of expert teachers in science education. 
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 In Chapter 7, the findings pointed towards a significant gain in understanding of concepts 
in chemical equilibrium, through the explicit discussion of what to know about the topic 
when thinking through teaching it.  This is a major finding for a situation as in South 
Africa, where the current concern is the poor conceptual understanding of science topics 
by teachers.  It is, therefore, recommended that teaching of subject matter content for pre-
service teachers should include approaches similar to the intervention, where teachers are 
taught content through reasoning about its teaching. 
 In Chapter 8, findings about beliefs that are held by pre-service teachers in the presence 
of Topic Specific PCK were found to be both teacher-centred and student-centred in 
orientation. This is in contrast to the initial proposition, that beliefs found in the presence 
of PCK are likely to be student-centred. While teacher-centred beliefs have been shown 
not to be in the way of the development of Topic Specific PCK, it is recommended that 
student-centred beliefs be promoted for the additional benefits to learners associated with 
active involvement in own learning.  
9.5 Critical Reflections of the Research Process  
9.5.1 The explicit intervention on transformation 
While the intervention is not the prime focus of this study but a means to investigate the specific 
research questions of this study, nonetheless I would like to start my reflections on the study with 
it.  I observed that it was important to maintain the purpose of the study, with the intervention 
programme clearly running throughout the sessions. Each session opened with a short reflection 
of what the purpose is (developing PCK by understanding transformation of SMK), how the 
programme intended to realize the purpose and how much progress has been made.  This assisted 
in creating a connection from one session into another, even though different aspects were 
discussed in each. This observation confirmed the view by Kind (2009) that there is a benefit in 
raising the awareness of pre-service teachers of PCK, as knowledge they themselves are 
acquiring, and also in the process they are undertaking.  In some cases, pre-service teachers 
asked questions that relate to discussions in the previous sessions.  This attests to the 
connectedness of the knowledge components. 
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The second aspect I would like to reflect on is the pedagogical approach used in the session 
‘discussions’.  The sessions had a discursive nature.   They were characterized by a mix of 
explanations and questions from the pre-service teachers themselves, and from me as a lecturer.  
From the perspective of the presenter, I witnessed understanding developing in pre-service 
teachers and in myself with each session.  Some of the recorded audio discussions have been 
inserted in Chapters 7 and 8 as transcripts; they are supporting evidence for improving Topic 
Specific PCK and SMK, respectively.  The environment in the class during such discussion was 
welcoming and unthreatening.  While there were instances where the discussions were disrupted 
by an unruly student or belittling laughs, these were discouraged immediately and strongly.  
There were times when I felt the discussion was time-consuming, specifically when pre-service 
teachers were recalling and re-connecting aspects discussed during previous sessions. I found it 
was hard sometimes to keep the balance between repeating and keeping the rest of the class 
interested in the explanations which they had heard before. From the students’ view, it emerged 
that some did not like the repetition, as shown by the extract in Chapter 3. While there were 
experiences they did not like, overall they strongly appreciated the explicit discussions.  The 
third aspect that I think contributed to the success of the intervention is the fact that pre-service 
teachers had previously covered Chemical Equilibrium in their subject class in their second  year 
of study.  This aspect did not preclude them from having misconceptions about the topic as 
discussed in Chapter 8, nor work in their favour in terms of performance in the pre-test, but 
provided familiarity, a step on which the intervention built.   I think more time would have been 
needed with a very new topic introduced for the first time in a methodology class. The last aspect 
about the intervention is the fact that I was largely the lecturer delivering the sessions of the 
intervention.  This places great stress on keeping biasedness in check in reflecting what actually 
happens in sessions, versus my own wishes.  It was compounded by the fact that at the same time 
I was collecting data from each session as the intervention unfolded.  I think two aspects about 
the research process assisted me in dealing with these sometimes conflicting perspectives.  
Firstly, the random presence in sessions of the lecturer who normally delivers the methodology 
programme.  Her active participation and provocative questions whenever in attendance 
contributed to the richness of discussions and sometimes helped to identify connections between 
related concepts.  Of much value were the informal discussions about the sessions after each 
session, and enquiring about the logical sequencing and planning for the next.  I found that these 
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informal discussions assisted in the thickness of my written session reflections. In some of the 
sessions when overwhelmed by excitement, which may also contribute to biasedness, I called my 
supervisor after sessions, to witness the work of pre-services as drawn by them on the chalk 
board.  I appreciate her calm reminders that I should take photographs of all the board work and 
digitize written work for analysis later. The regular use of a reference team for the consultative 
process during the development of the tool, and for the scoring of the written responses in the 
pre-/post-tests minimized the effects of bias. 
9.5.2 The research methodology used 
I have used the mixed method with the implementation of both its respective quantitative and 
qualitative components (Teddie & Tashakkori; 2009) in this study.  Two of the benefits reported 
for using mixed methods specifically: (i) reflecting the complexity of a phenomenon (Boaler, 
1997) and (ii) generating new knowledge through a synthesis of the findings from different 
approaches (Foss and Ellefsen, 2002) have been demonstrated in this study.  The use of the MM 
in this study has enabled the capture and the numerical measurement of latent traits such as 
Topic Specific PCK and beliefs that are tacit and complex in nature.  I hereby reflect on those 
cases where the use of  MM demonstrated these benefits. 
(i) Reflecting the complexity of the phenomenon 
The collection of descriptions of efforts in class enabled reflection on the complexity and the 
multifaceted nature of the interplay of the factors that influence the development of PCK in pre-
service teachers. Some actual examples are recalled: The process of learning to reason 
pedagogically as pre-service teachers attempt to transform their SMK for teaching practice, was 
shown to be a complex one.  The process included trial and error, arguments among group 
members, expressing their own thoughts, adapting them and reflecting on them. These internal 
deliberations were seen through recorded classroom discussions, suggested classroom lesson 
plans and enactment of teaching instructions. The constructive process experienced by pre-
service teachers was best captured, as it unfolded from both verbal and written interactions, 
through qualitative strategies.  However, in order to develop an understanding of the extent of 
reasoning that developed through the learning process, statistical quantitative methods on the 
same process were more enabling.   Similarly, for the research question on beliefs, establishing 
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what beliefs are initially held by pre-service teachers was best reflected through descriptive 
qualitative method strategies. Yet the reflection of shifts in the beliefs as a result of the 
intervention required transformation of descriptions from the belief maps into quantitative 
scores, then into frequency counts that could be mapped across the belief rubric.  The emerging 
pattern from the frequency count could be related to shifts of beliefs using qualitative 
descriptions rather than statistical calculations.  Both these examples are different aspects of the 
same research sub-question, best answered by transforming data from the one strand into the 
other, and also using data from the different strand to understand different traits of the construct 
measured.  
ii) Generating new knowledge through a synthesis of the findings from different approaches 
The approaches used during the development of the tool for Topic Specific PCK, are typical 
examples where new knowledge, in this case the validity of the tool, is generated from the 
combination of synthesis of data captures from both qualitative and quantitative strands. 
 While the approach appears well thought out, I found it challenging to the keep in check with 
aspects of validity and reliability for each method, as they are fundamentally different. Keeping a 
developmental trail of every stage and artifact produced proved useful during the analysis and 
writing up stages. Nevertheless, it presented a huge collection of data that required careful 
selection of pieces of evidence.  Moran-Ellis et al. (2006, p. 46) argues that, when using mixed 
methods in an integrative manner, it is required that the different methods are given equal 
weight, and orientated towards a common goal; they are, therefore, necessarily interdependent 
while retaining their paradigmatic modalities.  In this study, both methods had equal weight in 
the manner they were used. Each captured an aspect of the same question in some cases not 
reflected by the other. In some cases, the analysis from the one method alluded a trend that could 
be explored richly by the other, such as the case with the component of curricular saliency.    
These cases, have been carefully highlighted in the tool development and the empirical chapters 
4 and  6-8, providing evidence of the required integration in mixed method.   
Furthermore, the use of a case study as a research strategy proved to be appropriate for the study. 
The one major advantage is that it encouraged the use of mixed methods, enabling in-depth 
explorations of interactions even with small research samples.   One of the disadvantages of 
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using a case study approach, is the limited extent of generalization of findings.   According to 
Adler (2004), researchers in teacher education need to be conscious of and aim for a balance 
between insights offered by in-depth studies of specific exemplars, and broad generalized 
patterns from large samples.  A case study, as a research strategy, has limitations in that it has 
focused on a particular group, exclusive to others, restricting the generalization of findings, as 
Adler cautions.  This limitation is acknowledged and the fact that, although the whole class was 
used as a sample, the size remains small was a limitation of this study.  Further disadvantages of 
a case study refer to the perception that this approach produces soft data. The benefit of the use 
of the Rasch model statistical model in this study was the non-violation of its fundamental 
assumptions by the size of the study.  Furthermore, the availability of classical statistical 
analyses for small samples as non-parametric statistics calculations was enabling.  Innate biases, 
explicit or implicit, coupled with data collecting methods for empirical measurements, will 
always remain an issue.  The use of varied methods of collecting data, audio recordings, written 
work by pre-service teachers, researcher thick descriptions of events, written tests that were all 
made available to raters during scoring, contributes to the reliability of the data. Furthermore, in 
addition to the random presence of a senior lecturer in sessions during the interventions where 
recordings were done, an extensive data trail has been included in the Appendices of this thesis 
as additional evidence.   
9.5.3 Validity and Trustworthiness 
The quality of data quality in mixed method research studies is determined by the separate 
standards of quality in qualitative and quantitative strands.  According to Teddie and Tashakkori 
(2009), ‘if the data of the individual strands is valid and credible, then the mixed study will have 
a high overall data quality’ (pg. 209).   Thus, the observation of the different standards for 
assessing the quality of data collected through the respective methods in this study reflects the 
overall quality of data.  Some of the practices widely reported to contribute to the quality of data 
collected have been mentioned at various points in the discussion above.  Some examples are: 
use of varied strategies to collect data, use of multiple raters in scoring the rubrics, etc.   
However, I would like to highlight a few that needed observation of standards of both different 
methods. The first one is the care taken in proving the validity of the theoretical construct of 
Topic Specific PCK, partly because it is the backbone of the study.  Despite the arguments 
212. 
 
provided for validity of the construct as illustrated by the tool, careful consideration has been 
made in providing a reasonable conceptual argument for the construct. I have shown that the 
proposed construct is grounded on well-known theoretical propositions linked closely to the 
originators of the construct of PCK (Shulman, 1986) and the idea of pedagogical reasoning and 
transformation (Shulman, 1987; Geddis & Wood, 1997).   I have further shown how the concept 
differs conceptually from the related other forms of PCK but linked as a sub-set. In the 
development of the tool that measures the quality of the construct, I have ensured content 
validity through using, firstly, a process widely accepted to be a chronological order of 
developing a tool and a consultation activity with a reference team of experts who have both 
teaching and research experience in both chemistry concepts and PCK as a theoretical construct. 
All these practices add confidence to the interpretive validity argument (Kane, 2006), which 
talks to the quality of trustworthiness of the process, and thus the qualitative component of the 
mixed method.  The quantitative reflection for validity of the construct, as mentioned earlier, is 
provided independently from the qualitative argument by numerical Rasch measures the reflect 
firstly, a rank order of the knowledge components that matches theoretical predictions, and also 
values for item and person indices that are in the conventional acceptable range.  Collectively the 
numerical indices provide a validity argument that complements the provided interpretive 
argument and therefore a solid presentation of a new theoretical construct.   
9.5.4 The limitations of the study  
Critical limitations of the study have been mentioned in the discussion above.  Firstly, the sample 
size was pre-determined by the number of pre-service teachers who were enrolled in the 
programme.  The statistical calculations for significance used paired data, thus the one pre-
service teacher who did not participate in the pre-testing was left out of the analysis process.   In 
the case of the study, it reduced the sample size from 17 to a total of 16. The conclusions of this 
study may not thus be generalized but considered.  
The one other limitation of the study has been the fact that the design of the study was limited to 
planning and reasoning about transformation of subject matter knowledge, and did not include 
observations of delivered lessons in classrooms. In the words of Park and Oliver (2008), ‘PCK 
can be expressed only when teachers deal with the transformation of subject matter for a specific 
group of students in a specific classroom, and in this regard it is closely linked to teachers’ actual 
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teaching performances and student learning’’ (Park and Oliver 2008, p. 813). Furthermore, 
classroom practices have been identified as places of development for the teacher as they reflect 
on what made a specific topic difficult for a specific group of students.  I therefore acknowledge 
classroom experiences as the important component of the array of situations needed for the 
development of PCK in teachers in general. While the study was limited in this regard, I 
however, point out the value of setting teachers on the trajectory for reasoning about the 
transformation of the content they teach.  
9.6  Future Research 
While my study has shown that Topic Specific PCK is a valid theoretical construct and may be 
developed adequately in pre-service teachers, in contrast to previous understanding, only one 
topic was illustrated – chemical equilibrium.  There is scope for further research, testing the use 
of the proposed theoretical framework with other topics in school science (Deng, 2007).   
Furthermore, the newly developed tool may be used as a basis for adaptations to suit other 
science topics for investigation.  Reference was made in the discussion of findings that student-
centred beliefs are preferred for the widely accepted benefits associated with them, and that good 
understanding of conceptual knowledge is needed. However, in a context of developing 
countries, like in South Africa where challenges associated with teacher development and 
student performance in science are of multiple dimensions and complex, the finding that it is 
feasible to develop Topic Specific PCK in the presence of teacher-centred beliefs, and 
simultaneously affect positive gain in conceptual understanding, needs to encourage further 
research in this direction.   This finding may prove important to recognize that we do not need to 
change all things to the desired levels first, before making attempts to develop desirable 
attributes like PCK that are related to efficiency in teaching science, but there is a sense of 
achievement in targeting development of PCK within a topic at a time.  
9.7  The end-piece  
I started the study with the common concern at the poor state of teaching science, specifically in 
our South African context.  The idea of PCK appealed to my sensibility, as to the many science 
education scholars who have conducted studies in this field.  Little did I understand the depth 
that was required in reasoning through the meaning of the theoretical idea.  Nor did I understand 
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my own conceptual development that has come with the process.  As I gained in understanding, 
so a new layer of complexity was unraveled. Finally, I have come to realize the power and 
potential hidden in understanding the concept fully. I trust that, as community, we will soon 
reach that place.  The proposed idea of Topic Specific PCK is just one unit of a complex PCK 
system, reached by looking at the system from the perspective defined in this study.  
Nevertheless, it seems practical, doable and reasonable, and judging by the findings of this study, 
it has the potential to make significant difference in the preparation of teachers.  I stand grateful 
for the opportunity provided to engage in this study and in appreciation for the outcome.   
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APPENDICES  
APPENDIX A: ACHIEVEMENT TOOL USED IN THE STUDY AND THE MARKING MEMO. 
1 
CHEMICAL EQUILIBRIUM PCK TEST  
 
This info is for research purposes only: your responses will be treated confidentially. 
Pseudonyms will be used if a need to refer arises. 
 
SECTION A: BACKGROUND INFORMATION 
NAME AND SURNAME:_______________________________   Gender(tick ):  
 
HOME (e.g. Tembisa; Johannesburg):____________________________________________    
 
NAME OF DEGREE OF CURRENT STUDY:___________ NAME OF COURSE:_______         
 
YEAR OF STUDY:_______________   MAJOR SUBJECT(S):_______________________ 
 
OTHER SUBJECTS:_________________________________________________________ 
 
YEAR IN WHICH MATRIC WAS OBTAINED:__________________________________ 
 
NAME OF SCHOOL OF MATRICULATION:  __________________________________ 
 
 
LOCATION OF SCHOOL OF MATRICULATION (e.g. Soweto; Johannesburg):  
 
___________________________________________________________________________ 
 
 
  
Female Male 
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CHEMICAL EQUILIBRIUM ACHIEVEMENT TEST  
 
CATERGORY A:  
 
1. Consider the reaction which is at equilibrium 
 
                      C2H5NH2 (aq) + H2O (l)              C2H5NH3+ (aq) + OH- (aq) 
     
 Look carefully at the equation and decide which of the following statements about the 
reaction at equilibrium is CORRECT. 
 
 A. The reverse rate of reaction is lower than the forward rate of reaction. 
 B. The forward rate of reaction is greater than the reverse rate of reaction  
 C. The forward and reverse rates are equal. 
            D.        The concentration of reactants is higher than that of products. 
 E. The concentration of reactants is lower than that of products. 
            F.         The concentration of reactants and products is the same. 
 
i. A and D only 
ii. C and F only 
iii. B and E only 
iv. C and E only 
v. A and E only 
 
 
Your answer is…. 
 
Provide a detailed explanation for the answer you have chosen. 
 
 
 
 
2. For the reaction   2NO(g) + Cl2(g)     2NOCl(g)  
 
       which of the following is FALSE about the reaction when at equilibrium? 
 
A. the constant for the reaction is equal to concentrations of reactants divided by the 
concentrations of products. 
B. the rate of change of concentrations of reactants and products is constant and equal. 
C. the concentration of NO equals the concentration of NOCl. 
i. A and B only 
ii. A and C only 
iii. C only 
iv. B only 
v. A only 
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Your answer is…. 
 
Provide a detailed explanation for the answer you have chosen. 
 
 
 
 
 
 
 
3. Look at the equilibrium reaction represented by the equation: 
 
N2O4 (g)                2NO2 (g) 
 
   Which of the following statements concerning this reaction at equilibrium is FALSE? 
 
A. The ratio of the concentration of N2O4 (g) to the concentration of NO2 (g) is  
1 to 2. 
B. From the balanced equation, it is clear that 1 molecule of N2O4 (g) produces 2 molecules 
of NO2 (g). 
C. The equilibrium constant Kc, is      4=1
2=
]ON[
]NO[=K
2
42
2
2
C  
 
 (i). (A) only.     (iv). (B) only 
 (ii). (A), (B) and (C).   (v). (B) and (C) only 
 (iii). (A) only.                 
 
. 
 
 
Your answer is…. 
 
Provide a detailed explanation for the answer you have chosen. 
 
 
 
 
  
Note: An option indicating CORRECTLY that (A) and (C) is 
false is missing in the tool used in the study, thus this 
question was omitted in the marking of the responses 
Error should have read 
(A) and (C) only 
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4. Consider H2 and I2 molecules that undergo a reaction to form hydrogen iodide by providing 
suitable conditions in a closed system and reached equilibrium. 
                     
                                               H2(g) +  I2(g)          2HI(g) 
 
We can use representations such as a solid sphere     to represent a single hydrogen atom,  
and an empty spheres       to represent a single iodine atom, then the equation may be 
expressed as follows: 
 
                                                +                   2     
 
 
Use representations shown above; to draw 
 
i. A representation of the system at the beginning of the reaction with 4 hydrogen 
molecules and 3 iodine molecules.  
ii. At equilibrium 
iii. 2hrs after reaching equilibrium  
 
At the Beginning of  the 
Reaction: 
 
Drawing: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Explain your drawing 
 
 
 
 
 
 
 
 
At Equilibrium: 
 
 
Drawing: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Explain your drawing 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2 hrs after reaching 
Equilibrium: 
 
Drawing: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Explain your drawing 
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CATERGORY B:  
 
 
5. The reaction PCl5(g)    PCl3(g)  +  Cl2(g)  is at equilibrium in an empty reaction vessel 
fitted with a movable piston.   
 
  Reaction Vessel      
 
 
 
 
 
 
 
PCl5(g)    PCl3(g)  +  Cl2(g) 
 
 
 
 
 
 
5(a).  What will happen if some argon (an inert gas) is added to the equilibrium mixture at 
      constant pressure and temperature? 
 
A. More PCl3(g) and Cl2(g)will be formed. 
B. The total pressure will increase instantaneously, PCl3 molecules will combine with 
Cl2 thus more PCl5(g) will be formed. 
C. There will be no effect because argon does not react with any of the substances in 
the equilibrium mixture. 
 
Your answer is…. 
 
Provide a detailed explanation for the answer you have chosen. 
 
 
 
 
 
 
5(b).  What will happen if the piston is pushed into the equilibrium mixture, reducing the  
          total volume of the vessel? 
 
A. More PCl3(g) and Cl2(g) will be formed. 
B. More PCl5(g) will be formed. 
C. There will be no effect because no additional reactant or product was added. 
  
Piston can be pushed-in 
and pulled-out of vessel 
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Your answer is…. 
 
Provide a detailed explanation for the answer you have chosen. 
 
 
 
 
 
 
 
 
6. The decomposition of ammonium chloride reaches equilibrium in a closed container at a 
given temperature  
                                
                                 NH4Cl(s)  NH3(g) + HCl(g) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Write the equation for Kc for this reaction 
 
 
 
 
Explain your equation  
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7. In a vessel of volume 10 L, 10 mol NH3, 2 mol N2, and 1 mol H2 are present at equilibrium.  
Calculate the value of the equilibrium constant,  Kc  for the equilibrium 
 
                  N2 (g) + 3H2(g)      2NH3(g). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.  In a solution of acetic acid in water the following equilibrium is established: 
                  
                                        CH3CO2H(aq) + H2O (l)  CH3CO2- (aq) + H3O+(aq) 
 
To begin with we have 100 ml of a 1.0 M solution of acetic acid, and then enough water is 
added to obtain 1 L of a new solution: 
 
 
(8a)  Predict the possible effect of adding water to the equilibrium position. 
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(8b)  Explain the reasons behind your prediction in (8a) above.   
 
 
 
 
 
 
CATERGORY C:  
 
9. The exothermic reaction         (g)        (g)       was allowed to come to equilibrium, as 
represented in the box below: 
 
System at Equilibrium 
 
              
 
 
 
      BOX A                 BOX B                 BOX C                  BOX D                 BOX E 
 
 
 
 
 
 
 
A. Some  was added to the system at equilibrium. Which box (A–E) best represents the 
new position of equilibrium? Explain your answer. 
 
Your answer is…. 
 
Provide a detailed explanation for the answer you have chosen. 
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B. The temperature of the system at equilibrium was increased. Which box (A–E) best 
represents the new position of equilibrium? Explain your answer. 
 
Your answer is…. 
 
Provide a detailed explanation for the answer you have chosen. 
 
 
 
 
 
 
 
 
C. The pressure of the system at equilibrium was increased. Which box (A–E) best 
represents the new position of equilibrium? Explain your answer. 
 
Your answer is…. 
 
Provide a detailed explanation for the answer you have chosen. 
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10.  For the reaction  N2O4(g) + Heat     2NO2(g)  at equilibrium at  a given constant 
pressure: 
   
Draw concentration versus time graphs showing: 
 
 
10(a).  As the reaction is reaching equilibrium. 
 
 
 
 
 
 
 
 
 
Concentration 
 
 
 
 
 
                                                      time 
 
 
 
 
 
 
10(b).  The effect of adding more N2O4 gas into the container at equilibrium  
 
 
 
 
 
 
 
 
 
 Concentration 
 
 
 
 
                                                     time 
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CHEMICAL EQUILIBRIUM ACHIEVEMENT TEST 
 
MEMORANDUM OF CORRECT ANSWERS 
  
 
CATEGORY A:  
 
1. Consider the following reaction which is at equilibrium 
 
                      C2H5NH2 (aq) + H2O (l)              C2H5NH3+ (aq) + OH- (aq) 
     
 Look carefully at the equation and decide which of the following statements about the 
reaction at equilibrium is CORRECT. 
A. The reverse rate of reaction is less than the forward rate of reaction. 
B. The forward rate of reaction is greater than the reverse rate of reaction  
C. The forward and reverse rates are equal. 
D. The concentration of reactants is greater than that of products. 
E. The concentration of reactants is less than that of products. 
F. The concentration of reactants and products is the same. 
 
vi. A and D only 
vii. C and F only 
viii. B and E only 
ix. C and E only 
x. A and E only 
 
Your answer is…(iv) C and E only. 
 
The rates of forward and reverse reactions will be equal and will have a greater concentration 
of product than reactant at equilibrium. 
 
 
[2 marks: 1 mark for correct option and 1 mark for correct explanation] 
 
 
2. For the reaction   2NO(g) + Cl2(g)     2NOCl(g)  
       which of the following is FALSE about the reaction when at equilibrium? 
A. the constant for the reaction is equal to concentrations of reactants divided by the 
concentrations of products. 
B. the rate of change of concentrations of reactants and products is constant and 
equal. 
C. the concentration of NO equals the concentration of NOCl. 
i. A and B only 
ii. A and C only 
iii. C only 
iv. B only 
v. A only 
Student Code: 
Total 35 
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Your answer is…(ii) A and C only. 
 
The expression for Kc is the product of the concentration of products raised to the exponents of 
the corresponding coefficient divided by that of reactants also raised to the respective 
exponents of their coefficients. 
The rate of change of the concentration of reactants and products is constant at equilibrium, not 
the concentrations of the species 
 
[2 marks: 1 mark for correct option and 1 marks for correct explanation on expression of Kc and 
about concentration of species at equilibrium] 
 
3. Look at the equilibrium reaction represented by the equation: 
 
N2O4 (g)                2NO2 (g) 
 
   Which of the following statements concerning this reaction at equilibrium is FALSE? 
 
A. The ratio of the concentration of N2O4 (g) to the concentration of NO2 (g) is 1 to 2. 
B. From the balanced equation, it is clear that 1 molecule of N2O4 (g) produces 2 molecules 
of NO2 (g). 
C. The equilibrium constant Kc, is      4=1
2=
]ON[
]NO[=K
2
42
2
2
C  
 (i). (A) only.      
 (ii). (A), (B) and (C).   (iv). (B) only. 
 (iii). (A) and (B) only.   (v). (A) and (C) only. 
 
Your answer is….(v), Option A and C 
 
The stoichiometry provides information about the ratio of molecules of the species involved in a 
reaction to each other.  This ratio does not translate to the ratio of concentrations but indicates 
the factor by which the species are less or more to each other.  
 
[3marks: 1 mark for correct option and 2 marks for correct explanation on ratio of concentrations 
vs. molecules including expression of Kc.] 
 
4. Consider hydrogen and iodine molecules that undergo a reaction to form hydrogen iodide 
which have reached equilibrium in a closed system under suitable conditions.  
                     
                                               H2(g) +  I2(g)          2HI(g) 
 
We can use representations such as a solid sphere      to represent a single hydrogen atom, 
and an empty sphere        to represent a single iodine atom, and then the equation may be 
represented as follows: 
 
                                                +                   2          
 
Use representations similar to the one shown above to draw 
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i. A representation of the system at the beginning of the reaction starting with 4 
hydrogen molecules and 3 iodine molecules.  
ii. At equilibrium assuming that 2 molecules of each element react with each other to 
reach equilibrium 
iii. 2hrs after reaching equilibrium  
 
At the Beginning of  the 
Reaction: 
 
Drawing: 
 
 
 
 
 
 
 
 
 
Explain your drawing 
 
At the beginning of the reaction 
there is only reactants and no 
products  
 
 
 
 
 
 
At Equilibrium: 
 
 
Drawing: 
 
 
 
 
 
 
 
 
 
 
Explain your drawing 
 
The rate of forward reaction 
same as reverse reaction, 
similarly the proportions of 
concentration of products 
formed will be equal to the 
stoichiometrically allowed 
proportions of reactants present 
at equilibrium 
 
 
2 hrs after reaching 
Equilibrium: 
 
Drawing: 
 
 
 
 
 
 
 
 
 
Explain your drawing 
 
 
Once equilibrium reached and 
in the absence of a disturbance 
to the system, the proportions 
remain unchanged as when 
equilibrium was reached. 
 
[9 marks: 3 marks for each stage (2 marks for drawing and 1 mark for explanation)  
 
CATEGORY B:  
 
5. The reaction PCl5(g)    PCl3(g)  +  Cl2(g)  is at equilibrium in an empty reaction vessel 
fitted with a movable piston.   
 
  Reaction Vessel      
 
 
 
 
 
 
 
PCl5(g)    PCl3(g)  +  Cl2(g) 
 
 
 
 
 
 
(a) What will happen if some argon (an inert gas) is added to the equilibrium mixture at       
constant pressure and temperature? 
 
D. More PCl3(g) and Cl2(g)will be formed. 
Piston can be pushed-in 
and pulled-out of vessel 
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E. The total pressure will increase instantaneously, PCl3 molecules will combine with 
Cl2 thus more PCl5(g) will be formed. 
F. There will be no effect because argon does not react with any of the substances in 
the equilibrium mixture. 
 
Your answer is…C. 
 
At constant pressure and temperature, there will be no disturbance to the system as argon 
does not react is inert. 
 
[2 marks: 1 mark for correct option and 1 mark for correct explanation] 
 
(b) What will happen if the piston is pushed into the equilibrium mixture, reducing the total 
volume of the vessel? 
 
A. More PCl3(g) and Cl2(g) will be formed. 
B. More PCl5(g) will be formed. 
C. There will be no effect because no additional reactant or product was added. 
 
Your answer is B…. 
 
As the volume is decreasing, the gas molecules of the reactants have limited space, the 
number of molecules per volume unit increases, thereby increasing collision and therefore 
formation of the product as that reduces the number of gas molecules per given volume. The 
production of the reactants is favoured until a new equilibrium is reached.  
 
 
 
[2 marks: 1 mark for correct option and 1 mark for correct explanation] 
 
6. The decomposition of ammonium chloride reaches equilibrium in a closed container at a 
given temperature  
NH4Cl(s)  NH3(g)  (g) + HCl(g) 
 
 
 
 
 
 
 
 
 
 
 
 
[2 marks: 1 mark for correct expression and 1 mark for correct explanation] 
 
 
Write the expression for Kc for this reaction 
 
                                             Kc  = [NH3] [HCl] 
Explain your expression 
The addition of a solid has no effect on the equilibrium since the concentration of a solid remains 
constant. 
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7. In a vessel of volume 10 L, 10 mol NH3, 2 mol N2, and 1 mol H2 are present at 
equilibrium.  Calculate the value of the equilibrium constant,  (Kc ) for the 
equilibrium 
 
                  N2 (g) + 3H2(g)      2NH3(g). 
 
 
 
 
 
 
[2 mark: calculations shoing conversion of moles to concentration] 
 
 
8.  In a solution of acetic acid in water the following equilibrium is established: 
                  
CH3CO2H(aq) + H2O (l)  CH3CO2- (aq) + H3O+(aq) 
 
To begin with we have 100 ml of a 1.0 M solution of acetic acid, and then enough water is 
added to obtain 1 L of a new solution: 
 
 
(a)   Predict the possible effect of adding water to the equilibrium position. 
 
 
The equilibrium will not be affected. 
 
(b)   Explain the reasons behind your prediction in 8(a) above.   
 
Acetic acid is a weak acid, therefore its capacity to dissociates its limited .  The addition of 
water will not dissociate more acetic acid, therefore the equilibrium will not be affected. 
 
[2 mark: 1 mark for correct prediction and 1 mark for correct explanation] 
 
CATEGORY C:  
9. The exothermic reaction         (g)        (g)       was allowed to come to equilibrium, as 
represented in the box below: 
 
System at Equilibrium 
 
              
 
  
Emphasis is on conversion of moles to concentration before plugging numbers into 
the Kc equation expression. 
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      BOX A                 BOX B                 BOX C                  BOX D                 BOX E 
 
 
 
 
 
(a) Some  was added to the system at equilibrium. Which box (A–E) best represents the 
new position of equilibrium? Explain your answer. 
 
B is the only correct box. The original equilibrium system consisted of 6 ’s and 4 ’s. If some 
’s are added to this system, some of the ’s will react (“equilibrium will shift to the left”) and 
produce some ’s, until the ratio of ’s to ’s is once again the equilibrium ratio. Both boxes B 
and C have this ratio, but box B has additional ’s and ’s, as required by the problem. 
 
 
(b) The temperature of the system at equilibrium was increased. Which box (A–E) best 
represents the new position of equilibrium? Explain your answer. 
 
E is the only correct box. The effect of increasing temperature on an exothermic reaction is to 
decrease the value of the equilibrium constant (“equilibrium will shift to the left”), decreasing the 
amount of product and increasing the amount of reactant. In box E the ratio of ’s to ’s has 
decreased from 6:4 (10 total) to 5:5 (10 total). In all other boxes the ratio is equal to or greater than 
the original ratio. 
 
(c)  The pressure of the system at equilibrium was increased. Which box (A–E) best 
represents the new position of equilibrium? Explain your answer. 
 
Answer is…. 
 
C is the only correct box. Pressure should have no effect on the position of equilibrium, since there 
are the same number of gas molecules on both sides of the reaction. The original number of ’s 
and ’s should still be present 
 
 
[6 marks: 1 mark for correct choice option and 1 mark for correct explanation] 
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10.  For the reaction  N2O4(g) + Heat     2NO2(g)  at equilibrium at  a given constant 
pressure: 
   
Draw concentration versus time graphs showing: 
 
 
(a)   As the reaction is reaching equilibrium. 
 
 
Any of these graph types is correct. 
 
[2 marks for graph] 
 
(b) The effect of adding more N2O4 gas into the container  
 
 
 
 
Any of these graphs is correct 
 
[3 marks for graph] 
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APPENDIX B: MODIFIED BELIEF TOOL WITH CODING MAPS 
1 
TEACHER BELIEF TOOL - QUESTIONNAIRE: 
 
1. 8As a teacher to be soon, what does teaching science means to you? 
 
 
 
 
 
 
 
 
 
2. How can you increase chances for student learning in your science classroom?  
 
 
 
 
 
 
 
 
                                                             
It is acknowledged in this study that you are in the final year of your teacher qualification programme.   
Note: The language used in this 
tool was deliberately adjusted to 
cater for the specific targeted 
group within the South African 
context.  It is recommended that 
a language edit to the traditional 
version be considered in future 
usage of the tool.  
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3. Describe how you perceive your role as a science teacher?  
 
 
 
 
 
 
 
 
 
 
4. During your school teaching experience, how did you know when your students were   
            understanding?  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. In a school setting, how do you decide what to teach and what not to teach? 
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6. How do you decide when to move on to a new topic in your classroom? 
 
 
 
 
 
 
 
 
 
 
 
  
243. 
 
7. How do your students learn science best?  
 
 
 
 
 
 
 
 
 
 
8. How do you know when learning is occurring in your science classroom?  
 
 
 
 
 
 
 
 
 
 
 
 
  
244. 
TEACHER SCIENCE BELIEF CODING  
 
Coding Map, extracted from Luft and Roehrig (2007) used to code Question 2 in the modified 
Belief tool used in this study: 
 
 How can you increase chances for student learning in your science classroom?  
  
 
 
  
245. 
For Question 3 in the modified Belief tool: 
 
 Describe how you perceive your role as a science teacher?  
 
  
246. 
For Question 4 in the modified Belief tool: 
 
 During your school teaching experience, how did you know when your students were   
            understanding?  
 
  
247. 
For Question 5 in the modified Belief tool: 
 
 In a school setting, how do you decide what to teach and what not to teach? 
 
  
248. 
For Question 6 in the modified Belief tool:  
 
 How do you decide when to move on to a new topic in your classroom? 
 
 
 
  
249. 
For Question 7 in the modified Belief tool: 
 
 How do your students learn science best?  
  
250. 
For Question 8 in the modified Belief tool: 
 
9. How do you know when learning is occurring in your science classroom?  
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APPENDIX C: BIOGRAPHY OF RESIDENCE SCHOOL 
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 Residence High School, 
of the 
 
of the 
Residence 
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APPENDIX D: TEACHING SCHEDULE OF INTERVENTION 
TEACHING SCHEDULE: CURRICULUM METHODOLOGY COURSE 
Week 
No.  
Date Treatment Pre-Reading 
1 
 
 
 
 
 
 
 
Session 1 
22/02/11 
 
 
Introduction of the Topic Specific PCK study: [Key: 
Dale Taylor the lecturer = DT &  myself  =EM] 
Background to the study and the intervention. Ethics 
considerations Information and consent forms 
Administering of Tools: [EM] 
 Belief Tool (Pre-test - 30 min) 
 PCK Tool  ((Pre-test - 60 min) 
 
Session 2 
23/02/11 
 
Administering Tool: [EM] 
 Achievement Tools  (Pre-test - 60 min) 
 Discuss for pre-interviews 
Introduction: PCK and the benefits of its presence  
Background information about PCK and its nature .  
(60 min)  [EM] 
 
2 
 
 
 
 
 
 
 
 
 
Session 3 
01/03/11 
 
Constructivism  
 Revision of constructivism and language used: 
Accommodation; Assimilation, cognitive 
dissonance, counter intuitive – video on lab 
practical’s illustrated the language experience and 
potential for illustrating the importance of 
representations  
 Videos: Karen in the dark; John on 
photosynthesis..threshold concept 
o Practical of experience of misconception –
assimilation  (Karen in the Dark) vs., 
accommodation (Conor)….[DT] 
 
Feyman Richard:  
Challenges what 
learning is. 
 
 
Session 4 
02/03/11 
 
Constructivist Theory continued:  Key aspects: 
 Learning requiring construction of knowledge 
 Introduce & explain Language to be used in 
discussion introduced viz.: Inductively, 
Deductively, Big Ideas, transformation of subject 
matter knowledge .. ….[EM] 
 Talk about the major assignment: 
o 3 submission stages (dates) 
Submission 1:  Mind map and Core 
Submission 2: Module Outline 
Submission 3: Detailed lesson plan on one of the Big 
Ideas  and LSM to accompany it 
Introduction of Pedagogical Content Knowledge: 
-Clarification of language used: SMK; PCK; pedagogy 
knowledge; Transformation; Topic Specific Knowledge 
for Teaching; Curriculum saliency, teaching strategies 
Re-visitation of Chemical Equilibrium:  
From Tutorial 1: Discussions and Misconceptions [EM] 
Tutorial 1: 
Assignment: 
Questions on 
Equilibrium  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 Session 5 Topic Specific Knowledge for Teaching: Tyson L and Treagust 
255. 
Week 
No.  
Date Treatment Pre-Reading 
 
 
 
 
 
 
 
 
08/03/11 
 
 
 
 
Misconceptions & conceptual teaching strategies  
 Common misconceptions in Chemical equilibrium  
o From Research 
o From experience 
o Potential ones 
 Discuss reading task: Discuss accepted 
explanations of items identified as misconceptions 
(equilibrium, concentrations, rates, equilibrium 
constant, etc.) 
 Conceptual Teaching strategies to deal with 
misconceptions. 
 How does the identification of misconceptions 
transform SMK? [EM] 
D F; (1999):  
The complexity of 
Teaching and 
Learning Chemical 
equilibrium (5 pages 
long) 
 
Session 5:Reading 
Task:  
Session 6 
09/03/11 
 
Topic Specific Knowledge for Teaching: Curriculum 
Saliency & conceptual teaching strategies 
 Identification of topics that makes the content of 
Chemical Equilibrium. 
 Identification of Big Ideas (explain term and 
introduce the Core ….Discuss reading Task) 
 Sequence the order of teaching 
 Identification of topics needed before teaching 
Chemical equilibrium 
 Topics to avoid while dealing with Chemical 
equilibrium 
 Topics that may be taught after teaching Chemical 
equilibrium.  
 Reconstruction of concepts for conceptual 
sequencing in teaching 
 How does the understanding of curriculum 
saliency transform SMK?  [EM] 
 
Example of CoRe 
from Loughran et. 
al. 
 
 
Session 6:Reading 
Task 
4 Session 7 
15/03/11 
 
 
 
 
Topic Specific Knowledge for Teaching: 
Representations & conceptual teaching strategies 
 Meaning of closed and open system: 
Representations (analogies) 
 Meaning of dynamic Chemical Equilibrium: 
Representation (demonstrations) 
 Meaning of system at equilibrium: representation 
(micro/macro) 
 Meaning of Chemical Equilibrium constant -Extent 
of Reaction and discussion of representations 
(microscopic) 
 Meaning of disturbance of system at equilibrium: 
representations (graphs) 
 Conceptually teaching an aspect using multiple 
levels of explanations  - particularly sub-
microscopic representations 
 How do representations transform SMK?  [EM] 
 
Treagust D F et al. 
(2003). The role of 
submicroscopic and 
symbolic 
representations in 
chemical explanations.  
International Journal 
of Science Education. 
25(11), 1353-1368  
 
Assignment, talk 
about it 
    
4 Session 8 Topic Specific Knowledge for Teaching: What is 
difficult and/or easy? 
 
Quilez-Pardo, J., & 
256. 
Week 
No.  
Date Treatment Pre-Reading 
 
 
 
 
 
 
 
 
16/03/11 
 
 
 
 
 Le Chaterlier’s principle 
 Prior knowledge. 
 Using  and mis-using disturbance using Le 
Chatelier’s principle and its limitations.  
 Discuss reading task  
 Teaching  Strategies: Other theories to use 
when predicting equilibrium disturbance. 
 Value of identification of core/peripherical; 
difficult/easy concepts in planning for 
teaching. 
 How do knowing about what is difficult or 
easy transform SMK? 
   
TSPCK Modified CoRe 
 Given a topic, what are the considerations  first to 
make:  (Big Ideas and sequencing) 
 Once Big idea identified, what considerations to 
make: (clear intentions of outcome, Learner prior 
knowledge and misconceptions 
,representations/analogies, difficult or easy aspects, 
teaching strategies  
 Showing original CoRe and Going through it in 
class. 
 Identify components would like to add to modify 
CoRe – choice from TSPCK component list   
Solaz-Portolez, J. J. 
(1995). Students' and 
teachers' 
misapplication of Le 
Chatelier's principle: 
Implications for the 
teaching of chemical 
equilibrium.  Journal 
of Research in Science 
Teaching, 32(9), 939-
957 
 
Session 8:Reading 
Task: 
 
5 Session 9 
22/03/11 
 
Practicing Transformation of SMK 
 Chemical Equilibrium  -Activities  
 Given a Chemical Equilibrium topic, 
Transformation through TSPCK: Topic Specific 
Activity in class 
 Discuss Part 1 of Assignment in class and highlight 
changes in colour 
 
 
Geddis A & Wood E; 
(1997). Transforming 
subject matter and 
managing dilemmas: 
A case study in 
teacher education 
 
Session 10:Reading 
Task: 
 
Session 10 
23/03/11 
 
Practicing Transformation of SMK(2) 
 Re -visitation on Transformation of SMK and PCK. 
 Class Activity:  Chemical equilibrium topic –
transformed  
6 Session 11 
29/03/11 
 
 
 
Reasoning About it: Stages of Pedagogical 
Reasoning  
 The thinking about teaching 
 Transformation as a process vs, transformation as 
knowledge (TSPCK) 
 Class Activity: Reasoning about teaching Chemical 
Equilibrium 
Submission of 
Assignment:  
Part 1 
(Big Ideas & Mind 
map) 
 
 
Session 12 
30/03/11 
 
 
 
Pulling it together:  Revision  
 Considerations for the components that transform 
subject matter. 
 Class Activity: Reasoning about teaching Chemical 
Equilibrium 
 Students may also work on their assignments   
Shulman, L.S. (1987).  
Knowledge and 
teaching: Foundations 
of the new reform. 
Harvard Educational 
Review, 57(1),  
257. 
Week 
No.  
Date Treatment Pre-Reading 
7 Session 13 
05/04/11 
 
Administering of Tools: [EM] 
Belief Tool (Post-test - 30 min) 
PCK Tool  (Post-test - 60 min) 
Submission of 
Assignment:  
Part 2 
(teacher’s outline for 
the topic in the 
submitted  CoRe) 
 
 Session 14 
06/04/11 
Administering Tool: [EM] 
Achievement Test (Post-test 60 min) 
Submission of 
Assignment:  
Part 3:Detailed lesson 
plans 
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Physical Science Methodology 
Module Planning Assignment 2011 
Intended Learning Outcomes 
 You will be empowered as a professional to plan for effective learner conceptual development 
in science, using a constructivist, learner-centred approach and knowledge enabling 
transformation of subject matter knowledge  
 You will expand your pedagogical content knowledge of some topics in the FET physical science 
curriculum.  
 
Task 
The Topic:  Chemical Equilibrium (all students) 
PART 1 OF THE ASSIGNMENT 
1. Produce a concept map of this topic. Decide what the ‘big ideas’ for this topic are. 
2. Draw up a Content Representation (CoRe) for these big ideas, using the TSPCK  (Topic Specific 
Pedagogical Content) modified format.  
 Refer to the NCS content document. Remember that it is designed as a spiral curriculum 
– so look at how concepts are developed over 3 years. Also read the introduction about 
conceptual coherence across sections. Decide which concepts from the NCS should be 
glossed over, given the limited time available.  
 
In the CoRe clearly indicate the following: 
i. Decide how you will find out your learners’ preconceptions in this topic when you teach 
it and list those misconceptions that are commonly known for the topic of your choice. 
Suggest an activity which will help learners to make their ideas explicit, as well as giving 
you feedback on their preconceptions.  
Indicate how you will sequence the Big ideas and the concepts within a Big idea. Also 
indicate the topics or concepts you would like to have been taught before teaching your 
topic 
ii. Choose a relevant representation which provides explanations at different levels 
(Macroscopic; sub-microscopic and symbolic) of understanding.   
iii. Indicate how you will identify what is difficult and what is easy for this topic.  
iv. Decide on teaching strategies, that is,  how you will teach the material in way that 
requires learners to be hands-on and minds-on. Your teaching strategies should show 
evidence of considerations of  
 potential and or known learner’s misconceptions. 
 What is easy or difficult about the topic  
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PART 2 OF THE ASSIGNMENT 
3. Draw up a teacher’s outline for this unit in table form, with 3 columns:  In the first column, provide 
a brief description of what will happen in each lesson. In the second column indicate what resources 
(equipment / worksheets) are needed. Refer to the LPG to see how much time is available to teach 
this concept.  Include a third column where for each lesson you highlight what components of TSPCK 
you intend to use to break down your subject matter knowledge into forms understandable by 
learners.   
 
PART 4 OF THE ASSIGNMENT 
4. Prepare a detailed lesson plan and learning materials that you will need in order to teach one of 
your Big Ideas using this approach (a list of oral questions that you will ask, overhead transparencies, 
worksheets, test questions etc). 
 
Please Note: You are NOT required to produce original material – you are welcome to draw on many 
sources and kindly acknowledge the sources explicitly.  
 
Written Submission: Due date:  
Part 1: 29 March 2011 
Part 2: 05 April 2011 
Part 3: 12 April 2011 
 
  
260. 
Assessment 
 
Please submit the following in this order: 
 Concept Map, the CoRe and a cover sheet.  The cover sheet should include your name and the 
grade for which this module is intended.   
 Teacher’s Outline as per no. 3 above (with reference list and references to LTSM) 
 A lesson plan for one of the big ideas  as per no. 4 above 
 
You will be assessed using the criteria below. On the basis of this, you will be awarded a mark. 
Criterion Description 
1. Concept map Well thought out; shows logic of topic. 
2. Identification of big ideas  Teacher has a clear idea of a few main concepts (expressed in full 
sentences) which need to be achieved. 
3. TSPCK modified CoRe Content Representation organized into big ideas and sub-concepts 
clearly listed and a curriculum sound sequence suggested.  
4. Knowledge of typical 
learner misconceptions 
At least 3 common misconceptions clearly stated. 
5. Depth of research  Student has consulted 3 or more sources (excluding textbooks but 
including people) for information about misconceptions, and teaching 
ideas.  
6. Strategy for getting 
learner preconceptions 
This strategy will help learners identify their preconceptions AND will 
give useful feedback to the teacher. 
7. Sequence the Big Ideas 
and identification or pre-
needed concepts 
Suggested sequence ensures building of concepts that feed into next.   
Concepts identified as pre-needed ensures foundation of the other.  
Potential confusion as a result of addition of other related concepts 
but not essential is avoided 
8. Use of representations to 
explain 
Concepts are explained using representations that provide and link 
explanations of the same concept at different levels (macroscopic; 
microscopic and symbolic) 
9. Identification of what is 
difficult or easy 
Concepts perceived as difficult are identified and strategies to deal 
with then identified and incorporated into either representations or 
sequencing or teaching strategies 
261. 
10. Hands-on teaching 
approach 
Learners engage actively in some way with the material – encouraging 
and conducing to constructing knowledge. 
11. Minds-on teaching 
approach  
Learners’ ideas are challenged through cognitive dissonance. Learners 
are forced to evaluate their preconceptions and form new 
conceptions. 
12. Contextualization Suitable learner-centred context 
13. Teacher’s Outline  Enough detail that someone else could teach from your outline. Each 
lesson has suggestive TSPCK for transforming the SMK. Column of 
resources needed 
14. LTSM Good quality worksheets  
15. Overall clarity of 
presentation 
Presentation intelligible and easy to follow. 
16. Understanding of content Good understanding of content. No misconceptions.  
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APPENDIX E: COPIES OF ETHICS CONSENT FORMS 
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APPENDIX F: FIRST VERSION OF TOPIC SPECIFIC PCK TOOL 
 
EQUILIBRIUM PCK –TASKS                                                                                               
A. Learners’ prior knowledge 
 
1. How would you answer a learner who asked you: 
Do both the forward and the backward reaction actually take place if a system is at 
equilibrium? 
2. What comment would you write on a learner’s script who writes 
A reaction reaches equilibrium when the concentrations of the products and reactants 
are equal. 
3. The following reaction is in equilibrium in a closed container:  
 
PCℓ5(g) ⇌ PCℓ3(g) + Cℓ2(g) ΔH < 0  
 
Which ONE of the following statements regarding the equilibrium is TRUE?  
A. Addition of a catalyst favours the forward reaction.  
B. Increasing the temperature has no effect on the yield of products.  
C. An increase in the concentration of PCℓ5(g) causes an increase in the  
            concentration of the products.  
D. Increasing the temperature causes the value of the equilibrium constant to  
            increase.  
 
Question 4 and 5 relate Question 3 above 
4. What would be the most common response from learners to the question above?  
5. What is the question designer’s logic in creating each of the options? 
 
B. Curricular Saliency 
 
6. What do you consider to be three main ideas to be taught about equilibrium to 
grade 12? 
7. Make a map of these ideas showing how they join to subordinate ideas. 
8. What topics must have been covered in chemistry before you can teach 
equilibrium? Explain 
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9. Why is it important for learners to learn about equilibrium? 
 
C. Powerful analogies and examples 
Dynamic and Static equilibrium 
10. Below are 4 possible representations/analogies/models for teaching the concept 
of static versus dynamic equilibrium. 
A. Say what you like and what you don’t like about each of them 
B. Which one (s) would you use and why? 
C. How would you use them? 
D. Would you change them in any way? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Static equilibrium Dynamic equilibrium 
escalator 
Diagram A 
Diagram B 
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5 
1 2 
3 4 
 
 
  
Diagram C 
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D. Alternative Representations 
Importance of Equilibrium Constants 
11. Mapule is a secondary school science teacher.  In her previous lessons she has 
introduced the concept of Chemical Equilibrium, she has decided to move on to 
discuss the importance of Equilibrium Constants.  Read the following exempt of 
her discussion in class: 
Mapule: “The value of the Equilibrium Constant, K, indicates the yields of products obtainable 
in a reaction 
Mapule: “ Do you understand the meaning of the phrase ‘yield’? 
Student 1: “Yes mam, it means amounts” 
Mapule: “Correct” 
Student 2: “Mam I do not understand how the Equilibrium Constant can indicate the amounts of 
products formed” 
Mapule: “All it means is that we can tell from the value of K whether the reaction leads to high 
amounts or low amounts of products in a reaction.   
 
This can be seen from the equation of K 
K =  [products]x 
       [reactants]y 
For example: A large value of K means high amounts of products are formed and a 
low value of K means low amounts of products are formed. 
Student 3 “Madam the equation explains the maths but I still can’t understand what it means for 
chemistry,  ….umh I’m not sure how to put it…I do not understand what it means for 
Diagram D 
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Chemical Equilibrium. 
11.1    What alternative representations will you use to assist the student to develop a meaning 
of the relationship between the value of K and the yield of products in a reaction at equilibrium? 
Possible Option/Answer 
 
.      
                                                                                         
The relationship between Equilibrium Constant K and the Reaction Quotient, Q 
12. At any time, t, the system can be sampled to determine the amounts of reactants and 
products present.  A ratio of products to reactants, calculated in the same manner as K 
tells us whether the system has come to equilibrium (Q = K) or whether the reaction has 
to proceed further from reactants to products (Q < K) or in the reverse direction from 
products to reactants (Q > K). 
For a general reaction      aA  + bB               cC  +  dD   where a, b, c, and d are the 
numerical coefficients in the balanced equation, Q (and K) can be calculated as 
  
Large K Intermediate K 
273. 
E. Teaching Strategies 
Le Châtelier’s’ Principle 
13. Following below is a student’s written response in a class test, when asked to explain 
the possible effect of adding water to the  solution of acetic acid in water at equilibrium.  
CH3CO2H(aq) + H2O (l)  CH3CO2- (aq) + H3O+(aq) 
Student’s response 
More CH3CO2- (aq)  and H3O+(aq) will be formed, to counter act the effect of additional water to 
the reactants. This will happen until a new equilibrium is reached.  
13.1 Explain how you will assess the student. 
13.2    Explain what feedback you will give the student. 
13.3    Lets assume that the class test was given prior to your planned lessons on ‘factors 
disturbing Chemical Equilibrium’ how will the above student’s response influence your choice of 
teaching strategies. 
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ROUGH NOTES –WORKSHOP WITH REFERENCE TEAM AT MARANG 
 22 January 2010 
Present:  
Marissa Rollnick; Angela Stott; Victoria Kelly; Fhatuwani Mundalamo; Awelani Mudau; Mpho 
Mosabala; Bette Davidowitz; René Toerien; Elizabeth Mavhunga 
1. Background 
(i) Background of the study provided. The concept of Topic Specific PCK (TSPCK) 
introduced.  Key emphasis on the understanding that concept embodies all teaching 
knowledge components that are depending on subject matter knowledge. 
(ii) Different models for measuring PCK from various research groups were presented and 
discussed: 
 Riese et al: Has a model where PCK is positioned between (but not integrating) the 
Subject Matter Knowledge and the General Pedagogy domains.  The model 
acknowledges the affective aspects  such as Beliefs (Motivational and social 
abilities), although the interaction or effect on PCK is not clearly demonstrated.  
 Rohaan:  Has a PCK instrument that is based on three components Learners Prior 
Learning, Goals and Nature of Technology and Teaching strategies.  The instrument 
is designed for Technology as a subject. 
(iii) The purpose of scanning through other PCK instruments was explained as to develop a 
sense of components used to structure the instrument and a sense of the nature of 
questions asked.   The components used to structure the draft instrument on TSPCK as: 
 Learner’s prior knowledge 
 Analogies and Examples 
 Curriculum Saliency 
 Teaching Strategies 
 What is perceived as difficult or easy in a subject. 
The above components have been selected on the basis that they are dependent on the 
understanding of subject matter knowledge.  Also, they have been identified by other 
researchers in science (Geddis &Wood) and Ball and her colleagues in mathematics. 
2. Discussion about the Draft Topic Specific PCK Instrument 
An indication was made that a decision on whether to have closed or open questions for the 
instrument is to be made.  Furthermore,  to think about how to score the responses. 
The following agreements were made following deliberations.   
i. The instrument will have open questions at least as a start. The use of closed 
questions like Multiple Choice Questions Linkert type may be considered following 
teachers’ responses from the open questions. 
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ii. It was agreed that a rubric is to be used to grade the teachers’ responses.  The 
construction of the grading will be informed by the responses received from a 
large number of teachers from the pilot study. 
iii. Teachers’ background information is critical to the pilot study.  Information such 
as:  number of years in teaching;  other work done such as developing teaching 
materials, involvement in teaching other colleagues(teachers), etc. 
iv. Maybe to delay the development of a rubric and focus on the test specifically its 
piloting and then re-visit the issue of a rubric once collected some responses. 
v. Suggestions made about how the rubric may look like include: Having a PCK 
rubric for each component of TSPCK  vs. content and have number scores.  For 
example 
  PCK of a component of TSPCK 
  No PCK Limited PCK Good PCK 
 
CK 
No Content 0   
Limited Content 
 
   
Good Content 
 
  3 
 
Another example was to consider a qualitative rubric with number scores, similar to Park (2008). 
 
Constructs 
Measured 
PCK Levels 
Limited(1) Basic(2) Proficient(3) Exemplary(4) 
1. Topic Specific 
Matter 
Knowledge 
(content) 
Inaccurate use of 
topic specific 
terms and rules 
Accurate use of 
terms and use of 
rules but errors 
in explanations, 
definitions, 
reasons given 
Accurate use of 
terms and use 
of rules with 
adequate 
explanations, 
definitions, 
reasons given 
Substantial 
understanding of 
topic specific  
concepts with 
explicit 
understanding of 
purpose, goals  and 
interrelatedness of 
sub-topics  
2. Sequencing of 
sub-topics 
No clear 
progression or 
relationship s in 
the provided 
sequence  
Progression  
across, and links 
between sub-
topics weakly 
identified 
Adequate 
description of 
progression and 
scaffolding of 
learning  across 
sequence 
Topic  specific 
fundamental 
concepts clearly 
identified and built -
on across 
sequence in 
increasing order of 
difficulty/abstractne
ss 
3. Learner Prior 
Knowledge 
including 
common Topic 
No understanding 
of topic specific 
common 
misconceptions 
Narrow 
understanding of 
topic specific 
common 
Adequate  
understanding 
of topic specific 
common 
Substantial 
understanding of 
topic specific 
common 
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Specific 
misconceptions 
misconceptions misconceptions misconceptions- 
evidently 
influencing 
instructional 
strategies 
4. What is 
difficulty/Easy; 
what is 
core/peripheral 
No understanding 
of topic specific 
difficult/easy and 
core/peripheral 
concepts 
Understanding of 
either topic 
specific 
difficult/easy or 
core/peripheral 
concepts but not 
both 
Adequate 
understanding 
of topic specific 
difficult/easy or 
core/peripheral 
concepts  
Clear above 
average 
understanding of 
topic specific 
difficult/easy and 
core/peripheral 
concepts – 
evidently 
influencing 
instructional 
strategies 
5. Representations 
in the form of 
Analogies, 
examples, 
demonstrations, 
metaphors, etc 
No use of 
representations in 
any form 
Link between 
representations 
and concepts 
represented 
weak and 
unconvincing 
Link between 
representations 
and concepts 
represented  
appropriate and 
just adequate 
Link between 
representations 
and concepts 
represented 
powerful, provide  
explanations of the 
same thing in 
different ways 
6. Instructional 
strategies 
acknowledging 
the above 
constructs (2-7) 
(Adaptations 
Instructional 
strategies  has 
focus on general 
pedagogy with no 
obvious 
consideration  of 
the above 
constructs   (2-7) 
Instructional 
strategies  based 
on 
singular/resctricte
d considerations 
of the above 
constructs   (2-7) 
Instructional 
strategies 
integrate all of 
the above  
considerations 
(constructs 2-7 
adequately 
Instructional 
strategies draws on 
all of the above  
and  lessons 
explicitly shaped by 
the considerations 
Reference: Park, S., Chen, Y-C., & Jang, J. (2008).  Developing Measures of Teachers’ Pedagogical Content 
Knowledge for  Teaching High School Biology.  International Conference of the Association for Science Teachers 
Education, St. Louis, MI.January. 
3. Specific input to the Draft TSPCK Test: 
i. Team members agreed on the components 
ii. Under Analogies and Examples …delete example (option 6) with flasks not clear, 
needs colour. 
iii. Current question under Alternative Representation – to be moved to the ‘Teaching  
Strategies Category’. 
iv. Leave the question on ‘What makes the topic difficult?’ as direct as possible. 
v. May use varied ways of asking the open questions in the test. 
 
Closing Summary 
Team members expressed satisfaction with the meeting  - meeting closed.  
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APPENDIX G: THE SECOND VERSION OF TOPIC SPECIFIC PCK TOOL USED IN PILOTING 
 
EQUILIBRIUM PCK –TASKS FOR PILOTING 
      
This info is for research purposes only: your responses will be treated confidential, pseudonyms 
will be used if need to refer arise. 
 
NAME AND SURNAME:_______________________________          
TEACHING CHEMICAL EQUILIBRIUM CURRENTLY OF LAST 2 YEARS?____________             
WHAT GRADES HAVE YOU TAUGHT CHEM EQUILIBRIUM?____________________                   
KINDLY DESCRIBE YOUR EXPERIENCE IN TEACHING PHYSICAL SCIENCE. E.g. how many years? 
What grades? Etc                                                   
 
 
 
 
 
 
 
Important Notice:  
Answer the following questions in full as much as you can.  Feel free to use both the lined and the 
blank spaces for your answers. 
CATEGORY A: Learners’ Prior Knowledge 
 
279. 
1. In class during one of your lessons, how would you answer  a learner who asked 
you: 
” Do both the forward and the backward reaction actually take place if 
a system is at equilibrium?” 
 
 
 
 
 
2. What comment would you write on a learner’s script who writes: 
A reaction reaches equilibrium when the concentrations of the 
products and reactants are equal. 
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3. The following set of questions is related to the equation below. 
PCℓ5(g) ⇌ PCℓ3(g) + Cℓ2(g) ΔH < 0 ; is in equilibrium in a closed container. 
 
3.1     Which ONE of the following statements regarding the equilibrium is TRUE?  
 
A. Addition of a catalyst favours the forward reaction.  
B. Increasing the temperature has no effect on the yield of products.  
C. An increase in the concentration of PCℓ5(g) causes an increase in the  
concentration of the products.  
D. Increasing the temperature causes the value of the equilibrium constant  
to increase.  
 
 
 
 
 
 
 
 
 
 
 
 
3.2     What would be the most common response from learners to the question below?  
 
 
 
 
 
  
281. 
4. What do you think is the examiner’s logic in creating each of the options? 
 
 
 
 
 
CATEGORY B: Curricular Saliency 
5. The following questions are related: 
5.1 What do you consider to be three main ideas to be taught about equilibrium to grade 12? 
 
 
 
 
 
5.2 Make map or diagram of these ideas showing how they link to subordinate ideas? Use    
           the lined space to explain your map/diagram. 
 
 
 
 
 
5.3     What topics must have been covered in chemistry before you can teach chemical  
          equilibrium?  Explain 
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5.4 Why is it important for learners to learn about equilibrium? 
 
 
 
 
 
 
5.5 What makes chemical equilibrium difficult to teach? 
 
 
 
 
 
 
5.6 What do you think makes chemical equilibrium difficult to learn? 
 
 
283. 
 
 
 
 
CATEGORY C: Powerful analogies and examples 
Dynamic and Static equilibrium 
6. Below are 4 possible representations/analogies/models for teaching the concept 
of static versus dynamic equilibrium. 
 
6.1 Say what you like and what you don’t like about each of them 
 
 
 
 
 
 
6.2 Which one (s) would you use and why? 
 
 
 
 
 
 
6.3 How would you use them? 
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6.4 Would you change them in any way? 
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1 2 
3 4 
 
 
 
 
 
 
 
 
 
 
 
Static equilibrium 
Dynamic equilibrium 
 
escalator 
REPRESENTATIONS TO CHOOSE FROM 
286. 
 
 
 
 
 
 
 
 
 
 
 
 
 Importance of Equilibrium Constants 
7. Read the following and answer the question below: 
Mapule is a secondary school science teacher.  In her previous lessons she has introduced the 
concept of Chemical Equilibrium, she has decided to move on to discuss the importance of 
Equilibrium Constants.  Read the following exempt of her discussion in class: 
Mapule: “The value of the Equilibrium Constant, K, indicates the yields of products obtainable 
in a reaction 
Mapule: “ Do you understand the meaning of the phrase ‘yield’? 
Student 1: “Yes mam, it means amounts” 
Mapule: “Correct” 
Student 2: “Madam I do not understand how the Equilibrium Constant can indicate the amounts 
of products formed” 
Mapule: “All it means is that we can tell from the value of K whether the reaction leads to high 
amounts or low amounts of products in a reaction.   
This can be seen from the equation of K 
 
K =  [products]x 
       [reactants]y 
 
For example: A large value of K means high amounts of products are formed and a 
low value of K means low amounts of products are formed. 
 
Student 3 “Madam the equation explains the maths but I still can’t understand what it means for 
chemistry,  ….umh I’m not sure how to put it…I do not understand what it means for 
Chemical Equilibrium. 
5 
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What alternative representations will you use to assist the student to develop a meaning of the 
relationship between the value of K and the yield of products in a reaction at equilibrium? 
                                                                                       
CATEGORY D: Teaching Strategies 
        
Le Châtelier’s’ Principle 
8. Following below is a student’s written response in a class test, when asked to 
explain the possible effect of adding water to the solution of acetic acid in water 
at equilibrium.  
CH3CO2H(aq) + H2O (l)  CH3CO2- (aq) + H3O+(aq) 
 
Student’s response 
More CH3CO2- (aq)  and H3O+(aq) will be formed, to counter act the effect 
of additional water to the reactants. This will happen until a new 
equilibrium is reached.  
 
 
8.1 Explain how you will assess the student. 
 
 
 
 
 
8.2    Explain what written feedback you will give the student. 
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9.3    Let’s assume that the class test was given prior to your planned lessons on ‘factors 
disturbing Chemical Equilibrium’ how will the above student’s response influence your choice of 
teaching strategy(ies). 
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APPENDIX H: COVER SHEET FOR BIO-DEMOGRAPHICAL INFORMATION 
 
This info is for research purposes only: your responses will be treated confidential, pseudonyms 
will be used if need to refer arise. 
SECTION A: BACKGROUND INFORMATION 
NAME AND SURNAME:_______________________________   Gender(tick ):  
HOME (e.g. Tembisa; Johannesburg) _________________________________    
NAME OF DEGREE OF CURRENT STUDY:______________ NAME OF COURSE_______________         
 YEAR OF STUDY:_______________   MAJOR SUBJECT(S)_________________________ 
OTHER SUBJECTS:________________________________________________________ 
NAME OF HIGHER EDUCATION INSTITUTION WHERE PREVIOUS YEARS WERE 
STUDIED:_________________________________________ 
YEAR IN WHICH MATRIC WAS OBTAINED __________________ 
NAME OF SCHOOL OF MATRICULATION:  ___________________________ 
LOCATION OF SCHOOL OF MATRICULATION (e.g. Soweto; Johannesburg) 
_________________________________________________________________ 
ADDITIONAL FOR PGCE STUDENTS  
NAME OF HIGHEST QUALIFICATION IN SCIENCE:_______________________ 
MAJOR SUBJECTS:_____________________ 
OTHER SUBJECTS AT 2ND YEAR_______________________________________________ 
NAME OF HIGHER EDUCATION INSTITUTION WHERE HIGHEST QUALIFICATION IN SCIENCE WAS 
RECEIVED: ______________________________________PROVINCE:______________________ 
Kindly describe your activities in the last 3 years (e.g. studying, working, study break, etc.).  
Please provide as much details as possible 
 
Female Male 
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APPENDIX I: THE THIRD VERSION OF TOPIC SPECIFIC PCK TOOL 
 
CATEGORY A: Learners’ Prior Knowledge 
 
USE THE LINED SPACES AND THE BLANK SPACE PROVIDED TO ANSWER THE 
QUESTIONS AS FULL AS POSSIBLE. 
1. In class during one of your lessons, how would you answer a learner who seems to be in 
doubt and asks you: 
”Do both the forward and the backward reaction actually take place 
if a closed system is at equilibrium?” 
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2. What comment would you write on a learner’s script who writes: 
A reaction reaches equilibrium when the concentrations of the 
products and reactants are equal. 
 
 
 
 
 
 
 
 
 
 
CATEGORY B: Curricular Saliency 
3. The following questions are related: 
3.1 What do you consider to be the three main ideas (main concepts) to be taught about  
           equilibrium to grade 12? 
 
1. 
2. 
3. 
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3.2 Make a map or a diagram of these ideas showing how they link to subordinate ideas.  
 
 
 
 
 
3.3     What topics must have been covered in chemistry before you can teach chemical  
          equilibrium?  Explain 
List of Topics to be taught before 
Chemical Equilibrium 
Reasons 
  
  
  
  
  
  
 
3.4 Why is it important for learners to learn about equilibrium? Identify reasons related to:  
i. Sequencing 
 
 
 
 
ii. Application 
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iii. Motivation or Interest 
 
 
 
 
 
CATEGORY C: WHAT MAKES CHEMICAL EQUILIBRIUM DIFFICULT? 
4. It is considered important for teachers to know what makes a topic difficult or easy.  Answer 
the following questions about chemical equilibrium. 
  
4.1 What makes chemical equilibrium difficult to teach? Explain 
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4.2  What concepts of chemical equilibrium do you consider difficult to teach?  Choose from 
the table below and explain why. You may add other concepts not listed. 
Concept Explain 
Closed and open system  
 
The calculation of concentration 
using the (RICE) ratio/ 
Initial/Concentration/Equilibrium 
Table  
 
Physical equilibrium vs. chemical 
equilibrium 
 
 
Calculations of concentrations vs. 
calculations of moles 
 
 
Working with the equilibrium 
constant in calculations, just a 
number with no units 
 
 
Using mathematical ratios in a 
chemical concept 
 
 
Dynamic equilibrium – in 
chemical systems 
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CATEGORY D: Powerful analogies and examples 
Dynamic and Static equilibrium 
5. Below are possible representations/analogies/models for teaching the concept of static 
versus dynamic equilibrium. 
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5.1 Say what you like and what you don’t like about each of them 
About Representation 1 
 
 
 
 
About Representation 2 
 
 
 
 
 
About Representation 3 
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5.2 Which one (s) would you use and why? 
 
 
 
 
 
 
 
 
5.3 How would you use them? 
 
 
 
 
 
 
 
 
 
 
 
  
298. 
5.4 Would you change them in any way? 
 
 
 
 
 
 
 
 
 
 
 
CATEGORY D: Teaching Strategies 
Le Châtelier’s’ Principle 
6. Following below is a student’s written response in a class test designed to assess prior 
knowledge of students about Le Châtelier’s’ Principle.   
Question: 
What is the effect of adding more water to reaction given below at equilibrium? 
CH3CO2H(aq) + H2O (l)  CH3CO2- (aq) + H3O+(aq) 
A student responded: 
‘More CH3CO2- (aq)  and H3O+(aq) will be formed, to counter act the effect 
of additional water to the reactants. This will happen until a new 
equilibrium is reached’.  
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6.1 Following the student’s response, how will you teach a lesson on predicting the effect of          
factors disturbing the equilibrium?       (….more space for answering provided on the next page) 
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APPENDIX J: TOPIC SPECIFIC RUBRIC 
RUBRIC FOR QUANTIFYING PCK – based on components for Topic Specific PCK 
TSPCK 
Components 
Limited(1) (2) Basic (3) Developing Exemplary (4) 
Learner Prior 
Knowledge 
including 
misconceptions 
No  identification/No 
acknowledgement/No 
consideration of student prior 
knowledge or misconceptions   
 Identifies misconception or prior 
knowledge  
 Provides standardized knowledge as 
definition 
 Repeats standard definition with no 
expansion or with incorrect 
explanation 
 Identifies misconception or prior knowledge  
 Provides standardized knowledge as 
definition 
  Expands and re-phrase explanation correctly 
 Identifies misconception or prior knowledge 
 Provides standardized knowledge as definition 
 Expands and re-phrases  explanation correctly
 Confronts misconceptions/confirms accurate 
understanding  
Curriculum 
Saliency 
 Identifies concepts are a mix 
of Big Ideas and subordinate 
ideas  
 Identifies subordinate ideas 
are a mix with those of other 
topics or no subordinates 
provided 
 Identifies pre-concepts are a 
mix with those to be taught in 
current topic 
 Sequencing no value due to 
mixed concepts 
 Reasons given for importance 
of topic limited to generic 
benefit of education 
 Identifies at least 3 Big Ideas 
 Not all 3 Big ideas have subordinate 
concepts identified however those 
identified are correct 
 Sequencing has one or two illogical 
placing of main concepts (Big Ideas)  
 Identifies pre-concepts are far from the 
current topic, they refer to concepts 
basic to the subject. 
  Reasons given for importance of topic 
exclude conceptual considerations such 
as scaffolding or sequential 
development for other topics in the 
subject.  
 Identifies at least 3 Big Ideas 
 Identifies correct subordinate ideas and shows 
(symbolic) links to Big ideas with no additional 
explanations  
 Provides logical sequence of concepts of all 
three Big Ideas.  
 Identifies pre-concepts includes those needed 
for the current topic 
 Reasons given for importance of topic include  
reference to conceptual 
scaffolding/sequential development of 
understanding of other topics in the subject 
however without specifying the topics 
 Identifies at least 3 Big Ideas 
 Identifies correct subordinate ideas and explains 
links to Big Ideas  
 Provides logical sequence of all three Big Ideas
 Identifies pre-concepts include those needed in 
discussing the introductory definitions and those 
sequentially needed in the next Big Ideas of the 
current topic.   
 Reasons given for importance of topic include 
conceptual scaffolding/sequential development 
of understanding for specified subsequent topics 
in the subject.   
What makes 
topic difficult 
 Identifies broad topics without 
specifying the actual sub-
concepts that are problematic  
 Reasons not given 
 Identifies specific concepts but provides 
broad generic reasons such as ‘abstract’ 
 Identifies specific concepts with reasons 
related to specified prior knowledge of 
students or common misconceptions  
 Identifies specific concepts with reasons related 
to prior knowledge of  specified students or 
common misconceptions 
 Provides reasons linking to specific gate keeping  
concepts that when not fully understood 
the difficulty of a concept regarded as difficult
Representations 
 Limited to use of only 
macroscopic analogies, 
demos, etc.) representation 
with no explanation of specific 
links to the concepts 
 Use of macroscopic representation 
(analogies, demos, etc.) and use of 
scientific symbolic representation 
without  explanatory notes to make 
the links to the aspects of the 
 Use of macroscopic representation 
(analogies, demos, etc.) and use of 
scientific symbolic representation with  
explanatory notes linking the two 
representation to the aspect(s) of the 
 Use of macroscopic representation (analogies, 
demos, etc.) or symbolic representation and
 Use of sub-microscopic representation to 
enforce a specific aspect (s) of the concept
explained 
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TSPCK 
Components 
Limited(1) (2) Basic (3) Developing Exemplary (4) 
represented  concept being explained. concept being explained  
 
Teaching 
Strategies 
 No evidence of 
acknowledgement of student 
prior knowledge and 
misconceptions 
 Lacks aspects of curriculum 
saliency 
 Use of representations limited 
to macroscopic or symbolic 
scientific symbolic 
representation with no linking 
explanatory notes 
 Suggested activities are largely 
teacher centred 
 Acknowledges student 
misconceptions verbally with no 
corresponding confrontation strategy 
 Lacks aspects of curriculum saliency 
 Use of macroscopic and symbolic 
representations for With no linking 
explanatory notes 
 Limited involvement of learners 
 
 Considers confirmation/confrontation of  
student prior knowledge and/or 
misconceptions 
 Considers at least one aspect related to 
curriculum saliency: sequencing or what 
not to discuss yet or emphasis of important 
concepts  
 Uses at least two different levels (not 
necessarily detailed sub-microscopic) of 
representations to enforce an aspect of a 
concept with explanations 
 There is evidence of encouraged learner 
involvement  
 Overall , excellent strategy to teach required 
concept 
 Considers student prior knowledge and evidence 
of confrontation of misconceptions. 
 Considers at least two aspects related to 
curriculum saliency: sequencing, what not to 
discuss yet, emphasis of important conceptual 
aspects, etc. 
 Uses either the macroscopic or symbolic 
representation with sub-microscopic 
representation to enforce a singular aspect
concept. 
 Highly learner centred lesson 
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APPENDIX K: THE FINAL TOPIC SPECIFIC PCK TOOL USED IN THE STUDY 
CATEGORY A:  
1. In a classroom setting, which of the following responses will you choose to answer a learner 
who seems to be in doubt and asks you: 
”Do both the forward and the backward reaction actually take place if 
a closed system is at equilibrium?” 
Response A:  Yes; the rate at which the forward reaction occurs is the same as the rate at 
which the backward reaction occurs.  We do not see them because both reactions happen 
under a microscopic eye.  
Response B: Yes; for a reaction to be considered as at equilibrium, the rate of the forward 
reaction is the same as the rate of the reverse reaction. As products are formed, they 
decompose or react with each other and form reactants.  In this way the  reaction is kept at 
equilibrium.  
Response C: Yes; a reaction that is at equilibrium have a forward and a reverse reaction. The 
forward reaction produces products and the backward reaction produces reactants. Sometimes 
the concentration of products is higher than reactants, sometimes vise versa.   
Response D:  None of the above.  
Choose your response, and use the space below to expand on your choice.  
 
My choice is Response ….. 
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2. What comment would you write on a learner’s script who writes:  
A reaction reaches equilibrium when the concentrations of the products 
and reactants are equal. 
Response A: No; when a reaction reaches equilibrium it does not mean the concentrations of 
the reactants and products are equal.  The concentration of reactants and those of products 
are not equal at equilibrium. Sometimes the concentration of reactants is more than that of 
products and vice-versa. It depends on the type of reaction.  
Response B: No; when a reaction reaches equilibrium the concentration of the products and 
the reactants are not equal. Equilibrium is reached when both reactions proceed at the same 
rate.  
Response C:  No; the concentration of reactants and products at equilibrium are not equal. 
Each reagent may have its own concentration which is different to the other. What ensures a 
reaction to be at equilibrium is the rate at which the forward and the reverse reaction occur. For 
equilibrium to occur this rate must be equal for both reactions.  
Response D:  None of the above 
Choose your response, and use the space below to expand on your choice.  
My choice is Response….. 
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CATEGORY B:  
Questions 3.1 -3.4 relate to planning and sequencing of concepts. 
3.1 What do you consider to be the three main ideas (main concepts) to be taught about              
equilibrium at Grade 12?  Choose from the list provided. 
 
Dynamic equilibrium  Equilibrium constant 
Chemical reactions  Rate of reaction 
Lê Chatelier’s principle  Equilibrium shift 
Factors that affect 
equilibrium 
 Calculation of equilibrium 
concentrations 
Open and closed systems  Homogeneous  and 
Heterogeneous equilibrium 
Physical equilibrium  Forward reaction and 
reverse reaction 
Extent of reaction  Other 
        
1.  
2.  
3.  
 
3.2 Make a map or a diagram of these three ideas showing how they link to subordinate ideas.  
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3.3 What topics must have been covered in chemistry before you can teach chemical            
equilibrium?   
List of Topics to be taught 
before Chemical 
Equilibrium 
Place them in a sequence 
(the one to be taught first , 
place it as No. 1)   
Provide  reasons for the 
proposed sequence  
 1.  
 2. 
 3. 
 4. 
  
  
 
3.4 Why is it important for learners to learn about equilibrium? Identify reasons related to:   
iv. Sequencing 
 
 
 
 
v. Application 
 
 
 
 
vi. Motivation or Interest 
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CATEGORY C:  
4.  Tick () from the list below, concepts of chemical equilibrium you consider difficult to 
teach?  You may also add your own. Explain why you consider the chosen topics difficult 
to teach.    
Concept  Why considered difficult? 
Closed and open system   
 
The calculation of 
concentration using the 
(RICE) ratio/ 
Initial/Concentration/Equilibri
um Table  
  
 
Physical equilibrium vs. 
chemical equilibrium 
  
 
Calculations of 
concentrations vs. 
calculations of moles 
  
 
Working with the equilibrium 
constant in calculations, just a 
number with no units 
  
 
Using mathematical ratios in 
a chemical concept 
 
 
 
Dynamic equilibrium – in 
chemical systems 
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CATEGORY D:  
Dynamic and Static equilibrium 
5. Below are possible representations/analogies/models for teaching the concept of static 
versus dynamic equilibrium. 
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5.1    Complete the table below by providing as many details as possible. 
 
Representation 
No. 
What I Like What I do not like 
1 
 
 
 
 
 
 
 
  
2 
 
 
 
 
 
 
 
  
3 
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5.2 Which representation do you like most?  
 
 
 
 
5.3      How would you use the representation that you like most? 
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CATEGORY D:  
Le Châtelier’s’ Principle 
7. Following below is a student’s written response in a class test designed to assess prior 
knowledge of students about Le Châtelier’s’ Principle.   
Question: 
What is the effect of adding more water to reaction given below at equilibrium? 
CH3CO2H(aq) + H2O (l)  CH3CO2- (aq) + H3O+(aq) 
A student responded: 
‘More CH3CO2- (aq) and H3O+ (aq) will be formed, to counter act the effect of 
adding more water to the reactants. This will happen until a new equilibrium 
is reached’.  
7.1 Following the student’s response, how will you teach a lesson on predicting the effect of          
factors disturbing the equilibrium?        
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APPENDIX L: THE PHYSICAL SCIENCE CURRICULUM METHODOLOGY COURSE OUTLINE 2011 
 
Wits School of Education 
Course Outline: Physical Science Methodology 
 
General 
 
Course Name: B Ed: Curriculum Studies (Senior & FET) E: Physical Science –
EDUC4044  
PGCE: Physical Science Methodology –  PHYS5035 
 
Course Coordinator: 
 
Dale Taylor (1st semester) 
Course Presenters: 1st semester:  
    Ms Dale Taylor - Rm M 243; 011 717 3249; Dale.Taylor@wits.ac.za  
    Mrs Elizabeth Mavhunga - Rm M 42 ; 011 717 3734               
                                                                 Elizabeth.Mavhunga@wits.ac.za   
2nd semester: to be announced 
 
Contact time: 
 
 Tuesday periods 1–2 and Wednesday 10h15 – 12h05 (Venue: M70)  
 
Non-contact 
learning: 
 
 Regular reading tasks and assignments  
 Regional Expo (Sat 23/30 July? approx 8h00 – 14h00) and judges 
workshop beforehand (date to be confirmed) 
 
Course Notice 
Board: 
Glass notice board outside offices on top floor in Marang East 
 
 
Aim 
The aim of this course is to develop your identity as a science teacher, by deepening your 
understanding of the difficulties of learning science and broadening your classroom 
repertoire, so that you are able to make informed choices in the teaching of Physical 
Science. 
 
 
Learning Outcomes 
 
In physical science, demonstrate competence in planning, designing, and reflecting on learning 
programmes appropriate for your learners and learning context. 
This means that you should be able to 
 Be aware of and understand national and regional curriculum requirements. 
 Engage in macroplanning, in order to complete a national science curriculum in the course of a 
year. 
 Select, adapt or design coherent learning programmes and lessons appropriate for the learners’ 
context, taking into account national and regional curriculum policies, learner contexts, and learner 
differences. 
 Select and design appropriate strategies for ascertaining learner preconceptions in science. 
 Select appropriate teaching and learning strategies in planning lessons and other learning 
experiences, which address learner misconceptions and seek to bring about conceptual change in 
learners. 
 Select and design materials and resources appropriate to learning programmes, taking cognizance 
of issues such as teaching approach, and the conceptual adequacy and accuracy of the content of 
the programme. 
 Select appropriate textbooks for use in the science classroom,  
 Include planning for learning about science in society, including economic and environmental 
issues. 
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In physical science, demonstrate competence in selecting, using and adjusting teaching strategies in ways 
which meet the needs of the learners and the context 
This means that you should be able to 
 Adjust teaching and learning strategies to cater for cultural, gender, ethnic, language and other 
differences among learners in a range of contexts, both familiar and unfamiliar. 
 Use investigative science projects effectively to promote learner development. 
 Use textbooks effectively during lessons. 
 Make judgements about the effect that language has on learning in science, and, in that light, make 
the necessary adjustments to teaching and learning strategies. 
 Design practical work that take cognizance of safety issues, and ensure that your learners work 
safely and competently in performing science experiments.  
 Manage a science laboratory effectively. 
 
Demonstrate competence in monitoring and assessing learner progress and achievement in physical 
science. 
This means that you should be able to 
 Select, adapt and design assessment tasks and strategies which ascertain learner conceptual 
development.  
 Use a range of assessment strategies to accommodate differences in learning style, pace and 
context. 
 Evaluate your own assessment strategies in terms of their fairness, reliability and sensitivity to 
gender, culture, language and barriers to learning and development. 
 Assess open-ended learner science projects using appropriate rubrics. 
 
Demonstrate respect for and commitment to the educator profession 
This means that you should  
 Practice and promote a sense of respect and responsibility towards others by cultivating a critical, 
committed and participatory attitude. 
 Behave in ways that enhance the status of professional educators and ensure an accountable 
culture of teaching and learning 
 Promote the values and principles of the Constitution, particularly those related to human rights and 
the environment. 
 Envision yourself as a learner-centred science educator 
 
 
Assessment 
 
The marks for the year will count as follows: 
 Coursework   50 % 
 November Exam  50 % 
 
The coursework mark will be based on: 
 Reading tasks: for most lectures there are reading tasks (see below) which must 
be completed before the start of the lesson in order to receive credit.  
 Assignments:  
 Semester 1:  
o Module planning assignment 
 Part 1: 22 March 2011 
 Part 2: 29 March 2011 
 Part 3: 05 April 2011 
o Essay: 19 April 2011 
 Semester 2: to be announced 
 Resource file – see details below 
 
Given the interactive and skills development nature of the course, students will not receive 
credit for assignments for weeks when they are not physically present. 
 
Please read carefully: 
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Illness or urgent private affairs. 
It is recognized that, in the course of the year, there are times when a student is unable to take an 
assessment (e.g. test) or submit work on time because of illness or an unforeseen crisis. In such cases, the 
student should attempt to inform his/her lecturer* before the deadline. In all cases clear documentation must 
subsequently be provided to the lecturer to justify the absence. In the case of illness, the student will be 
allowed to re-sit the test or submit the assignment without penalty, only if he/she produces a medical 
certificate. In the case of ‘urgent private affairs’ a detailed letter of explanation with supporting evidence must 
be supplied to the lecturer. 
 
[*If the matter causing the absence is of a sensitive nature, the student may choose to speak to one lecturer 
or the programme head, who will communicate without disclosing details to the other affected staff.] 
 
Absence from examinations is a separate matter to be negotiated with the Examinations Office. 
 
Approval for absence during term time 
Students are strongly discouraged from taking leave during teaching blocks. If, however, the need to do so 
arises, e.g. if asked to represent the university or province at a sports event, permission should be asked for 
well in advance. The student should take an official letter of invitation to each course lecturer and get it 
signed. Arrangements should be made in advance for worked missed to be done or submitted at an 
acceptable time. 
 
Late submissions 
Practical reports and assignments will only be accepted up to 3 days (including weekends and public 
holidays) after the due date. However, the maximum mark which will be awarded for late submissions is 50 
% of the total marks (e.g. for an assignment marked out of 20, the maximum possible mark would be 10).  
 
Plagiarism 
Unless instructed otherwise, students are expected to produce individual work. Any copied work submitted 
will be rejected and no marks will be awarded. Students who allow their own work to be copied by other 
students will also be penalized. Text downloaded from the Internet or copied directly from other sources must 
be clearly identified as quoted material (in inverted commas) and properly referenced. 
 
 
Resource files 
Purpose 
Your Resource files contain resources which will help you to be a better teacher. So that when 
you start teaching full time, you will already have a wealth of resources which you can use.  
 
Your Resource files are NOT the same as your Teaching Experience file. Your Teaching 
Experience file will contain only what you need for a particular teaching experience. At the end of 
each Teaching Experience, empty your Teaching Experience file. Place any resources which could 
be useful to you in the future in your Resource files. 
 
Label  
Label your files in a way that will be useful to YOU when they are sitting on your bookshelf – i.e. a 
label should give the function of the file. Each file should be labelled on the spine and front cover.  
 
Dividers 
Your dividers should cover the whole high school science curriculum. (Do not only make 
dividers for resources which you happen to have currently!) At the very least, you should have the 
following dividers (underlined) shared between your files: 
 General  
o Curriculum documents (e.g. CAPS) 
o Any other resources which cannot be filed under one of the other dividers. 
 Practical work  
o Laboratory safety rules 
o Notes on laboratory management. 
o Anything general relating to open-ended investigations and Expos 
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GET: 
 Energy & Change 
 Matter & Materials  
 Life & Living 
 Earth & Beyond 
 Assessment: (Assessment resources  
which go across more than one theme /  
section (e.g. exams, portfolios). 
FET:  
 Mechanics 
 Waves, light, sound 
 Electricity & Magnetism 
 Matter and Materials  
 Chemical Change 
 Chemical Systems 
 Assessment 
 
 
Note:  
 PGCE students are not required to have GET resources for this course, but may include them. 
 Depending on the number of resources you have, you may want to break some of these 
sections down further (e.g. into grades 10, 11, 12).  
 Do NOT have separate dividers for ‘lesson plans’ and ‘overhead transparencies’ – these 
should be filed with the relevant sections. 
 Each divider must stick out, and the part which sticks out must be neatly labelled. (Otherwise 
the dividers are not helpful!) The dividers can be smaller than A4 - as long as they stick out! 
You can make your own dividers out of scrap cardboard. 
 
Organisation 
 Make sure that your Resource files are organised according to the NEW school curriculum 
(CAPS).  
 Keep all the resources for a particular topic together.   
 Your Resource files are never complete: you should always be adding to them, and removing 
material when you replace it with something better. Look for good quality resources – only put 
material in your files which you feel will be useful to you when you are teaching.  
 Beware of using plastic sleeves: the person who marks your file is unlikely to take a bunch of 
pages out of a plastic sleeve in order to look at them.  
 All resource material should show the reference or source (e.g. Ms Fischer, Greenside High 
School) 
 
Sources of resources 
 School Experience: Ask your supervising teacher for copies of worksheets / handouts for 
lessons that you watch or teach. 
 Methodology lectures:  B Ed: Ensure that all the material which you received in Curriculum 
Studies C is also filed.  
 Physics and Chemistry lectures: File your handouts and lecture notes where relevant. (B Ed: 
Many of the pracs and worksheets which you have used are suitable for use with learners!) 
 Your own school exams and notes, where relevant to the new curriculum. 
 Newspapers: articles about the current problems with electricity supply, pollution; climate 
change, inventions etc 
 Do NOT include photocopied material from current textbooks. 
 
Assessment 
First self assess your files using the rubric below. Then bring the completed rubric and your files to 
the designated Physical Science Methodology period for assessment. Your files will be assessed 
in your presence.  
 
File the following: 
 Learner worksheets 
 Lesson plans 
 Overhead transparencies  
 Newspaper articles 
 Tests 
 Relevant lecture notes, pracs and 
handouts from 1st, 2nd and 3rd year 
physics and chemistry 
 Lists of questions which you could 
use for a particular topic 
 Journal articles on misconceptions 
and other background information 
 
315. 
Criterion Mark 0 1 2 3 4 5 6 
 
Quantity 
 
6 
 Very little 
collected 
Limited 
material 
At least one 
full lever arch 
file. 
At least two full 
lever arch file’s 
worth of material 
  
 
 
Organization 
 
 
6 
No 
apparent 
order in 
filing 
Some dividers Attempt made 
to file in order, 
but not 
satisfactory 
Some dividers 
and material 
mostly in 
correct place. 
Suitable labels 
on files 
Most dividers and 
suitable filing, and 
suitable labels on 
files.  
Dividers for all 
grades and 
themes. 
Material mostly 
in correct place 
Neat overall 
appearance. 
Dividers for 
all grades 
and themes. 
Everything in 
correct place 
Professional 
appearance  
 
 
Quality and 
Relevance 
 
 
4 
Poor quality 
or not 
relevant 
Maths or other 
subjects in file 
Limited 
usefulness of 
materials 
Variety of 
materials 
Most materials 
appropriate to 
level and topic 
Materials from 
many sources, 
including some 
innovative material. 
All materials 
appropriate to level 
and topic. Some 
original work 
  
 
 
Scope 
 
 
4 
Very limited 
scope 
Substantial 
gaps 
Some 
materials in 
different 
knowledge 
areas 
Substantial 
material for at, 
most FET 
knowledge 
areas (B ED 
and at least 3 
NS themes  
Includes material 
for all FET 
Knowledge Areas 
(B Ed: and all NS 
themes) 
  
Total 20  
Content  
 
First semester Second semester (draft) 
 Constructivism: assimilation, accommodation 
and cognitive dissonance 
 Teaching Chemical Equilibrium (as an example 
of how to go about teaching any science topic) 
o Learner misconceptions  
o Curriculum saliency 
o Content representation 
o Teaching Strategies 
o Stages of pedagogical reasoning 
o Planning a learning programme  
 Introduction to Research in Science 
Education  
 Practical work 
 Science and Culture 
o Gender issues in science education  
o Nature of Science 
o Indigenous knowledge systems  
o science and religion (Barbour’s typology) 
o Border crossing and collateral learning;  
 
 Inquiry oriented science:  
o Management and assessment of school 
science projects  
o Judging at Expo 
 FET Physical Sciences Curriculum: CAPS: 
Orientation and critique 
 Classroom talk and argumentation 
 Resources 
o Evaluating and using textbooks 
o Useful websites and virtual laboratories 
o Laboratory management 
 Assessment in science 
o Physical Science Portfolio requirements  
o 2010 NSC Exams 
o Setting good quality multiple choice and 
other questions. 
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Year Planner 
Tuesday Wednesday 
22-Feb Session 1 23-Feb Session 2 
01-Mar Session 3 02-Mar Session 4 
08-Mar Session 5 09-Mar Session 6 
15-Mar Session 7 16-Mar Session 8 
22-Mar Session 9 23-Mar Session 10 
29-Mar Session 11 30-Mar Session 12 
05-Apr Session 13 06-Apr Session 14 
12-Apr Session 15 13-Apr Session 16 
19-Apr Session 17 
 
Research break 
 
 TE 
25-
May Session 18 
31-May Session 19 01-Jun Session 20 
07-Jun Session 21 08-Jun Session 22 
 
 Exams 
 
  
19-Jul 
 
20-Jul 
 26-Jul 
 
27-Jul 
 
02-Aug 
 
03-
Aug 
 
09-Aug Women's Day 
10-
Aug 
 
16-Aug 
 
17-
Aug 
 
 
 TE 
 
  
 
 Research 
break 
 
  
11-Oct 
 
12-Oct 
 18-Oct 
 
19-Oct 
 25-Oct 
 
26-Oct 
 
   
Exams 
 
B Ed Students please note: There will be no lectures for this course during the last 3 weeks of the 3rd 
term, as the PGCE students will be on Teaching Experience. 
 
 
Reading Tasks 
 
SESSION 4: Chemical Equilibrium – What do we know?  
 
This session deals with a well researched section in chemistry, equilibrium. The research has turned up 
many difficulties associated with learning this topic which need to be considered, as well as analogies 
involved. In this session we will first, re-visit the subject matter knowledge (content) on Chemical 
Equilibrium, examine some of the research, examine our own ideas and look at some approaches that 
have been used in teaching the topic. 
 
Reading 
Hendricks, A; Sadeck, M and Spies, A. Focus on Physical Science (Grade 12 and Grade 11). Maskew 
Miller Longman. 2007 
Intervention 
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Reading Task 
Answer the diagnostic tests and indicate your level of confidence on each one (100% sure, not sure or 
just guessing).  
 
Submission/Discussion Date: 02 March 2011 
 
SESSION 5: Chemical Equilibrium – Common Misconceptions  
 
Reading 
Tyson, L., & Treagust, D. (1999). The Complexity of Teaching and Learning Chemical Equilibrium. 
Journal of Chemical Education, 76(4), 554-557. 
 
Reading Tasks 
 
1. Identify 5 common misconceptions in Chemical Equilibrium, listed by the authors and suggested 
ways to create cognitive dissonance that will lead to accommodation of the scientifically accepted 
explanations. 
 
2. Describe how language used to teach equilibrium has the potential to create misconceptions in 
equilibrium.  
 
3. The authors indicate that there is a challenge when chemical equilibrium is introduced to learners 
immediately after discussing physical equilibrium.  Identify the challenge and indicate with 
reasons whether you are in agreement or not. 
 
Submission/Discussion Date:  08 March 2011 
 
 
SESSION 6: Chemical Equilibrium – Curriculum Saliency  
 
Reading 
Example of CoRe from Loughran, J.J., Mulhall, P. & Berry, A. (2004). In search of pedagogical content 
knowledge in science: Developing ways of articulating and documenting professional practice. Journal of 
Research in Science Teaching, 41(4), 370-391.  
 
Reading Tasks 
Study the example given of a CoRe on Particle Nature of Matter and respond to the following: 
 
1. What do you think is the purpose of the table like the CoRe? 
2. Identify features that you like and those you are not sure what they are or mean. 
3. Draw a mind map that represents the structure of content about ‘particle nature of matter’ 
presented by the CoRe. 
 
Submission/Discussion Date:  09 March 2011 
 
 
SESSION 7: Chemical Equilibrium - Representations  
 
Reading 
Treagust D F et al. (2003). The role of submicroscopic and symbolic representations in chemical 
explanations.  International Journal of Science Education. 25(11), 1353-1368 
 
Reading Tasks 
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The authors talk about three levels of representation in chemistry.  
1. Identify these levels 
2. Use all three levels to provide an explanation of what happens to a chemical reaction when is at 
equilibrium. 
 
Submission/Discussion Date:  15 March 2011 
 
 
SESSION 8: Chemical Equilibrium – Use and misuse of Le Chatelier’s Principle  
 
Reading 
Quilez-Pardo, J., & Solaz-Portolez, J. J. (1995). Students' and teachers' misapplication of Le Chatelier's 
principle: Implications for the teaching of chemical equilibrium.  Journal of Research in Science Teaching, 
32(9), 939-957 
. 
 
Reading Tasks 
1. Use your own words to State the Le Chatelier’s principle.  
 
2. According to the Author, how is the principle misused? 
 
3. How can you avoid the misuse of the principle in your class? 
 
 
Submission/Discussion Date: 16  March 2011 
 
 
SESSION 9: Chemical Equilibrium  - A CoRe for Chemical Equilibrium and other 
 
Assignment 
Submit Part 1 of the Assignment: A mind map and a TSPCK Modified CoRe on Chemical Equilibrium  
 
Please submit 2 copies (Original + Copy) 
 
Submission/Discussion Date: 22 March 2011 
 
 
SESSION 10: Chemical Equilibrium – Summary -Transfomation of Chemical Equilibrium using 
Topic Specific Knowledge for Teaching (TSPCK)  
 
Reading 
Geddis, A. N. & Wood, C. (1997). Transforming Subject Matter and Managing Dilemmas: A Case Study in 
Teacher Education. Teaching and Teacher Education, 13(6), 611-626. 
 
Reading Tasks 
1. Use your own words to describe what you understand by the phrase  ‘Transformation of 
knowledge’. 
 
2. List the knowledge components that the authors refer to as.... “we see a 
variety of different kinds of knowledge as relevant in the continuing teacher deliberations from 
which subject matter transformations emerge”. 
 
3. Use the copy of TSPCK CoRe prepared and modified in Session 9, to identify the presence of the 
components of TSPCK identified by the authors as enabling transformation of subject matter 
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knowledge.  Discuss your findings indicating which components are present and how they have 
been used in CoRe.  Also indicate which knowledge components are missing from your lesson 
CoRe 
 
4. In your own words and with justification, assess how much transformation of subject matter is 
likely to happen in your suggested lesson CoRe. 
 
Submission/Discussion Date:  23 March 2011 
 
 
SESSION 11: Chemical Equilibrium  - Assignment Part 2 
 
Assignment 
Submit Part 2 of the Assignment: A teacher’s outline for the topic in your CoRe in table form, with 2 
columns: brief description of what will happen in each lesson, and what resources (equipment / 
worksheets) are needed. Refer to the LPG to see how much time is available to teach this concept.  
Include a third column where for each lesson you highlight what you have used to break down your 
subject matter knowledge into forms understandable by learners. 
 
Submission/Discussion Date: 29 March 2011 
 
 
SESSION 12: Chemical Equilibrium – Pedagogical Reasoning  and Action Model 
 
Reading 
Shulman, L.S. (1987).  Knowledge and teaching: Foundations of the new reform. 
Harvard Educational Review, 57(1),  
 
Reading Tasks 
Explain the Pedagogical Reasoning and Action Model by Shulman.  Include in your discussion the 
difference and/or similarities between the ‘transformation’ contained in the model and transformation that 
emerges from the application of Topic Specific Knowledge for Teaching (TSPCK) we have discussed in 
class.  
 
Submission/Discussion Date: 30 March 2011 
 
 
SESSION 13 – 14: Chemical Equilibrium:  Consolidate and Review 
 
Impact Measurement                                                (end of intervention) 
 
 
SESSION 15: Practical work 
 
Reading 
To be announced 
 
Reading task 
Before you do the reading, make a list of the 6 main reasons for practical work. 
After the reading, compare your list to that given in the article. 
 
Submission/Discussion Date: 12 April 2011 
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SESSION 16: Gender issues in Science education 
 
Reading  
Mulemwa, J. (2004). Girls and gender equity - the missing half. In AFCLIST, School science in Africa: 
learning to teach, teaching to learn (pp. 143-159). Lansdowne: Juta. 
 
Reading Task 
 
1. Read pages 144-148 and write answers to the following: 
a. Exercises 1 and 2 on p. 144. 
b. In your science classes, were boys and girls treated differently? If so, how did you feel 
about this? 
 
2. Choose at least one other section of this chapter (p. 149-159) and read it. Be prepared to tell 
your classmates: 
a. A summary of this section 
b. How this relates to your experience OR how you feel about the situation described. 
 
Submission/Discussion Date: 13 April 2011 
 
 
SESSION 17: Negotiating school constraints: organizational acuity 
 
Assignment: How and why do people learn, and fail to learn, science? 
 
Answer this question in a typed essay of 1 500 – 2 000 words (3-4 pages). The purpose of this exercise is 
to help you crystallise and organise your learning about the difficulties of learning science and effective 
strategies for achieving conceptual change.  
 
Your essay must summarise the main ideas of the theory of constructivism and the videos which we 
watched. You may draw on other resources, e.g. from other courses or resources which you find online 
etc. Please reference such resources adequately (APA 5th). You may also relate the ideas to your own 
experience, provided you theorize your experience (i.e. use theory as a lens on your experience). 
 
You essay should be well organized and well structured, with an introduction which signposts the 
structure of your essay, and a conclusion which sums up your argument.  
 
Submission/Discussion Date: 19 April 2011 
 
 
SESSION 18: Nature of Science 
 
Reading:  
McComas, W. F. (1998). The principal elements of the nature of science: Dispelling the myths. In W. F. 
McComas (Ed.), The nature of science in science education: Kluwer. 
 
Reading Task 
1. BEFORE you read, complete the following table: 
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 Agree Disagree Not sure 
1. Hypotheses become theories that in turn become laws    
2. Scientific laws and other such ideas are absolute    
3. A hypothesis is an educated guess    
4. A general and universal scientific method exists    
5. Evidence accumulated carefully will result in sure knowledge    
6. Science and its methods provide absolute proof    
7. Science is procedural more than creative    
8. Science and its methods can answer all questions    
9. Scientists are particularly objective    
10. Experiments are the principal route to scientific knowledge    
11. Scientific conclusions are reviewed for accuracy    
12. Acceptance of new scientific knowledge is straightforward    
13. Science models represent reality    
14. Science and technology are identical    
15. Science is a solitary pursuit    
 
2. Afterwards, write a paragraph about the biggest surprise which you had when reading the 
article.  
 
Submission/Discussion Date: 25 May 2011 
 
 
SESSION 19: Indigenous knowledge systems 
 
Reading 
Moodie, P., & Keogh, M. (2006). Science for all: grade 9 learner's book. Johannesburg: Macmillan. pp. 15 
– 17 and extract from teacher’s guide 
Reading Task 
Answer questions 5-6 of the activity 
 
Submission/Discussion Date: 31 May 2011 
 
 
SESSION 20: Science and religion 
 
Reading: to be announced 
 
Reading Task 
Questions for personal reflection 
1. What is your belief about God, in one sentence? 
2. How do you understand the relationship between science and religion? 
3. What issues are unreconciled for you (if any)? 
 
Submission/Discussion Date: 1 June 2011 
 
 
SESSION 21: Cultural border crossing and collateral learning 
 
Readings 
Cultural Border Crossing and Collateral Learning: 
Excerpts from: Transcending Cultural Borders: Implications for Science Teaching by Olugbemiro J. 
JEGEDE and Glen S. AIKENHEAD. 
322. 
Aikenhead, G. S., & Jegede, O. J. (1999). Cross-cultural science education: A cognitive explanation of a 
cultural phenomenon. Journal of Research in Science Teaching, 36(3), 269-287. 
 
Reading Task 
The first part of each article expounds the theory which Glen Aikenhead has applied to science education: 
cultural border crossing. The second part of the article expounds Jegede’s theory: collateral learning. 
Represent both these theories visually (i.e. by using diagrams). 
 
Submission/Discussion Date: 7 June 2011 
 
 
SESSION 22: Reflection on learning. (No task due) 
 
 
  
323. 
APPENDIX M: ARTICLE BY TYSON, TREAGUST AND BUCAT 
 
324. 
APPENDIX N: A COPY OF THE MODIFIED CORE 
CoRe - Template Adapted for Topic Specific Pedagogical Content Knowledge (TSPCK) 
Curriculum Saliency 
What are the big ideas for the topic?         
What do you intend the learners to know about this idea?         
Why is it important for learners to know this big idea?         
What concepts needs to be taught before teaching this big idea?         
What else do you know about this idea (that you do not intend 
learners to know yet)?         
What do you consider easy or difficult in teaching this big idea?         
Student Misconceptions 
What are the typical student misconceptions on this big idea?         
Teaching Strategies 
What effective teaching strategies would you use to teach this idea? 
        
What questions would you consider important to ask in your teaching 
strategies? 
        
Representations 
What representations would you use in your teaching strategies?             
Assessment 
What ways would you use to assess understanding of learners?         
Reflections 
What aspects of planning and teaching this big idea would you like to 
reflect on?         
325. 
APPENDIX O: A SET OF MARKED RESPONSES - TOPIC SPECIFIC PCK TOOL 
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337. 
Post-test student MC 
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350. 
APPENDIX P: GENERATED STATISTICAL CALCULATIONS   
1. FOR TOPIC SPECIFIC PCK TOOL VALIDATION 
1.1 VALIDATION 
1.1.1 Summary Statistics – Reliability  
TABLE 3.1 Honours Programme Teachers             ZOU381WS.TXT  Nov  1 17:11 2012 
INPUT: 20 Person  5 Item  REPORTED: 20 Person  5 Item  4 CATS    MINISTEP 3.72.3 
-------------------------------------------------------------------------------- 
  
SUMMARY OF 20 MEASURED Person 
------------------------------------------------------------------------------- 
|          TOTAL                         MODEL         INFIT        OUTFIT    | 
|          SCORE     COUNT     MEASURE   ERROR      MNSQ   ZSTD   MNSQ   ZSTD | 
|-----------------------------------------------------------------------------| 
| MEAN      10.1       5.0       -1.82     .95       .91     .0    .83     .2 | 
| S.D.       3.7        .0        3.01     .14       .56     .8    .56     .6 | 
| MAX.      19.0       5.0        5.99    1.36      2.57    1.9   2.13    1.4 | 
| MIN.       6.0       5.0       -5.42     .83       .25   -1.1    .14    -.5 | 
|-----------------------------------------------------------------------------| 
| REAL RMSE   1.03 TRUE SD    2.83  SEPARATION  2.76  Person RELIABILITY  .88 | 
|MODEL RMSE    .96 TRUE SD    2.85  SEPARATION  2.96  Person RELIABILITY  .90 | 
| S.E. OF Person MEAN = .69                                                   | 
------------------------------------------------------------------------------- 
Person RAW SCORE-TO-MEASURE CORRELATION = 1.00 
CRONBACH ALPHA (KR-20) Person RAW SCORE "TEST" RELIABILITY = .89 
  
 SUMMARY OF 5 MEASURED Item 
------------------------------------------------------------------------------- 
|          TOTAL                         MODEL         INFIT        OUTFIT    | 
|          SCORE     COUNT     MEASURE   ERROR      MNSQ   ZSTD   MNSQ   ZSTD | 
|-----------------------------------------------------------------------------| 
| MEAN      40.4      20.0         .00     .49       .98    -.2    .83     .0 | 
| S.D.       9.5        .0        1.97     .09       .54    1.5    .50     .9 | 
| MAX.      55.0      20.0        2.92     .66      1.74    2.0   1.59    1.4 | 
| MIN.      28.0      20.0       -2.77     .41       .49   -1.8    .27   -1.0 | 
|-----------------------------------------------------------------------------| 
| REAL RMSE    .55 TRUE SD    1.89  SEPARATION  3.46  Item   RELIABILITY  .92 | 
|MODEL RMSE    .49 TRUE SD    1.91  SEPARATION  3.86  Item   RELIABILITY  .94 | 
| S.E. OF Item MEAN = .99                                                     | 
------------------------------------------------------------------------------- 
UMEAN=.0000 USCALE=1.0000 
Item RAW SCORE-TO-MEASURE CORRELATION = -.99 
100 DATA POINTS. LOG-LIKELIHOOD CHI-SQUARE: 121.61 with 74 d.f. p=.0004 
Global Root-Mean-Square Residual (excluding extreme scores): .4801  
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1.1.2  Item Measure Order  
TABLE 13.1 Honours Programme Teachers            ZOU381WS.TXT  Nov  1 17:11 2012 
INPUT: 20 Person  5 Item  REPORTED: 20 Person  5 Item  4 CATS    MINISTEP 3.72.3 
-------------------------------------------------------------------------------- 
Person: REAL SEP.: 2.76  REL.: .88 ... Item: REAL SEP.: 3.46  REL.: .92 
  
Item STATISTICS:  MEASURE ORDER 
  
-------------------------------------------------------------------------------------------------------
------ 
|ENTRY   TOTAL  TOTAL           MODEL|   INFIT  |  OUTFIT  |PT-MEASURE |EXACT MATCH|                        
| 
|NUMBER  SCORE  COUNT  MEASURE  S.E. |MNSQ  ZSTD|MNSQ  ZSTD|CORR.  EXP.| OBS%  EXP%| Item                   
| 
|------------------------------------+----------+----------+-----------+-----------+------------------- 
|     5     28     20    2.92     .66| .49  -1.1| .27   -.3|  .90   .86| 95.0  86.6| Teaching Strat.    
| 
|     4     33     20    1.29     .51|1.52   1.3|1.22    .5|  .81   .87| 70.0  75.9| Representation         
| 
|     2     40     20    -.20     .43|1.74   2.0|1.59   1.4|  .79   .84| 45.0  67.8| Curr. Saliency    
| 
|     3     46     20   -1.24     .41| .64  -1.3| .58  -1.0|  .88   .81| 60.0  58.9| What is difficult      
| 
|     1     55     20   -2.77     .43| .49  -1.8| .47   -.6|  .85   .76| 85.0  67.7| Learner Prior Knw. 
|------------------------------------+----------+----------+-----------+-----------+------------------- 
| MEAN    40.4   20.0     .00     .49| .98   -.2| .83    .0|           | 71.0  71.4|                        
| 
| S.D.     9.5     .0    1.97     .09| .54   1.5| .50    .9|           | 17.7   9.3|                        
| 
------------------------------------------------------------------------------------------------------- 
  
  
 
1.1.2  Person Measures 
TABLE 17.1 Honours Programme Teachers            ZOU381WS.TXT  Nov  1 17:11 2012 
INPUT: 20 Person  5 Item  REPORTED: 20 Person  5 Item  4 CATS    MINISTEP 3.72.3 
-------------------------------------------------------------------------------- 
Person: REAL SEP.: 2.76  REL.: .88 ... Item: REAL SEP.: 3.46  REL.: .92 
  
Person STATISTICS:  MEASURE ORDER 
  
-------------------------------------------------------------------------------------- 
|ENTRY   TOTAL  TOTAL           MODEL|   INFIT  |  OUTFIT  |PT-MEASURE |EXACT MATCH|       
| 
|NUMBER  SCORE  COUNT  MEASURE  S.E. |MNSQ  ZSTD|MNSQ  ZSTD|CORR.  EXP.| OBS%  EXP%| 
Person| 
|------------------------------------+----------+----------+-----------+-----------+-- 
|     5     19      5    5.99    1.36| .35   -.8| .18   -.4|  .74   .54|100.0  85.4| 
SM    | 
|     3     18      5    4.46    1.14| .29  -1.1| .21   -.4|  .87   .65|100.0  80.3| 
NS    | 
|    14     16      5    2.40     .92|1.23    .6|1.30    .6|  .72   .68| 60.0  67.2| 
MV    | 
|     9     14      5     .87     .84|1.22    .5|1.53    .9|  .60   .71| 60.0  64.2| 
BS    | 
|     4     11      5   -1.19     .83| .72   -.3| .65   -.3|  .80   .76| 60.0  66.0| 
ML    | 
|    18     11      5   -1.19     .83|1.75   1.2|1.61   1.0|  .52   .76| 60.0  66.0| 
RM    | 
|    20     11      5   -1.19     .83| .79   -.1| .64   -.4|  .87   .76| 60.0  66.0| 
MSK   | 
|     6     10      5   -1.89     .84|2.57   1.9|2.13   1.4|  .48   .76| 60.0  65.1| 
MS    | 
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|    15     10      5   -1.89     .84|1.57   1.0|1.52    .9|  .64   .76| 40.0  65.1| 
ETS   | 
|     8      9      5   -2.61     .86|1.04    .3| .77    .0|  .83   .74| 60.0  69.3| 
MM    | 
|    10      9      5   -2.61     .86| .89    .1| .84    .1|  .74   .74| 60.0  69.3| 
MN    | 
|     1      8      5   -3.37     .90| .96    .2|1.38    .7|  .56   .70| 80.0  67.9| 
MR    | 
|    13      8      5   -3.37     .90| .44   -.8| .35   -.3|  .86   .70| 80.0  67.9| 
MP    | 
|     2      7      5   -4.24     .98| .29  -1.1| .21   -.4|  .83   .62|100.0  74.0| 
JM    | 
|     7      7      5   -4.24     .98|1.07    .3| .62    .2|  .70   .62| 60.0  74.0| 
TC    | 
|    11      7      5   -4.24     .98| .84    .0| .73    .3|  .62   .62| 60.0  74.0| 
AA    | 
|    12      7      5   -4.24     .98| .84    .0| .73    .3|  .62   .62| 60.0  74.0| 
BN    | 
|    17      7      5   -4.24     .98| .84    .0| .73    .3|  .62   .62| 60.0  74.0| 
EVV   | 
|    19      7      5   -4.24     .98| .29  -1.1| .21   -.4|  .83   .62|100.0  74.0| 
MJD   | 
|    16      6      5   -5.42    1.22| .25   -.9| .14   -.5|  .70   .48|100.0  83.6| 
KA    | 
|------------------------------------+----------+----------+-----------+-----------+-- 
| MEAN    10.1    5.0   -1.82     .95| .91    .0| .83    .2|           | 71.0  71.4|       
| 
| S.D.     3.7     .0    3.01     .14| .56    .8| .56    .6|           | 18.4   6.1|       
| 
-------------------------------------------------------------------------------------- 
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1.1.3 Item-Person Map 
TABLE 12.2 Honours Programme Teachers            ZOU381WS.TXT  Nov  1 17:11 2012 
INPUT: 20 Person  5 Item  REPORTED: 20 Person  5 Item  4 CATS    MINISTEP 3.72.3 
-------------------------------------------------------------------------------- 
  
     Person - MAP - Item 
         <more>|<rare> 
    6       X  + 
               | 
               | 
               | 
    5          + 
               | 
            X  | 
              T| 
    4          +T 
               | 
               | 
               | 
    3          +  Teaching Strategies 
               | 
            X  | 
               | 
    2          +S 
               | 
               | 
              S|  Representation 
    1          + 
            X  | 
               | 
               | 
    0          +M 
               |  Curriculum Saliency 
               | 
               | 
   -1          + 
          XXX  |  What is difficult 
               | 
              M| 
   -2      XX  +S 
               | 
           XX  | 
               |  Learner Prior Knowledge 
   -3          + 
           XX  | 
               | 
               | 
   -4          +T 
       XXXXXX  | 
               | 
              S| 
   -5          + 
               | 
            X  | 
               | 
   -6          + 
         <less>|<frequ>  
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2. FOR TOPIC SPECIFIC PCK MEASUREMENTS 
2.1 THE PRE-TSPCK TEST 
2.1.1 Summary Statistics – Reliability  
TABLE 3.1 C:\Users\6935-t6400\Documents\2011 Dev ZOU594WS.TXTe Nov  1 18:18 
2012alysis\Dat 
INPUT: 16 Person  5 Item  REPORTED: 16 Person  5 Item  4 CATS    MINISTEP 3.72.3 
SUMMARY OF 16 MEASURED Person 
------------------------------------------------------------------------------- 
|          TOTAL                         MODEL         INFIT        OUTFIT    | 
|          SCORE     COUNT     MEASURE   ERROR      MNSQ   ZSTD   MNSQ   ZSTD | 
|-----------------------------------------------------------------------------| 
| MEAN       8.5       5.0       -3.22    1.20       .93     .0    .75     .1 | 
| S.D.       1.6        .0        2.28     .15       .64     .9    .55     .5 | 
| MAX.      11.0       5.0        -.01    1.53      2.07    1.3   1.59     .8 | 
| MIN.       6.0       5.0       -7.23    1.05       .22   -1.0    .13    -.6 | 
|-----------------------------------------------------------------------------| 
| REAL RMSE   1.35 TRUE SD    1.84  SEPARATION  1.36  Person RELIABILITY  .65 | 
|MODEL RMSE   1.21 TRUE SD    1.93  SEPARATION  1.59  Person RELIABILITY  .72 | 
| S.E. OF Person MEAN = .59                                                   | 
------------------------------------------------------------------------------- 
Person RAW SCORE-TO-MEASURE CORRELATION = .99 
CRONBACH ALPHA (KR-20) Person RAW SCORE "TEST" RELIABILITY = .52 
  
SUMMARY OF 4 MEASURED Item 
------------------------------------------------------------------------------- 
|          TOTAL                         MODEL         INFIT        OUTFIT    | 
|          SCORE     COUNT     MEASURE   ERROR      MNSQ   ZSTD   MNSQ   ZSTD | 
|-----------------------------------------------------------------------------| 
| MEAN      30.0      16.0         .00     .68       .99     .1    .75    -.1 | 
| S.D.      10.3        .0        3.51     .25       .24     .6    .34     .5 | 
| MAX.      44.0      16.0        5.06    1.10      1.33     .9   1.07     .4 | 
| MIN.      17.0      16.0       -4.24     .50       .70    -.8    .24    -.9 | 
|-----------------------------------------------------------------------------| 
| REAL RMSE    .74 TRUE SD    3.43  SEPARATION  4.61  Item   RELIABILITY  .96 | 
|MODEL RMSE    .72 TRUE SD    3.43  SEPARATION  4.76  Item   RELIABILITY  .96 | 
| S.E. OF Item MEAN = 2.02                                                    | 
------------------------------------------------------------------------------- 
MAXIMUM EXTREME SCORE:      1 Item 
UMEAN=.0000 USCALE=1.0000 
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2.1.2  Item Measure Order  
 
TABLE 13.1 C:\Users\6935-t6400\Documents\2011 De ZOU594WS.TXTs Nov  1 18:18 
2012nalysis\Dat 
INPUT: 16 Person  5 Item  REPORTED: 16 Person  5 Item  4 CATS    MINISTEP 3.72.3 
-------------------------------------------------------------------------------------- 
Person: REAL SEP.: 1.36  REL.: .65 ... Item: REAL SEP.: 3.67  REL.: .93 
  
Item STATISTICS:  MEASURE ORDER 
  
------------------------------------------------------------------------------------------------ 
|ENTRY   TOTAL  TOTAL           MODEL|   INFIT  |  OUTFIT  |PT-MEASURE |EXACT MATCH|             
| 
|NUMBER  SCORE  COUNT  MEASURE  S.E. |MNSQ  ZSTD|MNSQ  ZSTD|CORR.  EXP.| OBS%  EXP%| Item        
||------------------------------------+----------+----------+-----------+-----------+------------ 
|     5     16     16    6.43    1.86|      MAXIMUM MEASURE|  .00   .00|100.0 100.0| TS          
| 
|     4     17     16    5.06    1.10| .85    .0| .24   -.3|  .36   .31| 93.8  93.6| ReP         
| 
|     2     24     16    1.20     .60|1.33    .9|1.05    .4|  .62   .67| 62.5  76.8| Curr S      
| 
|     3     35     16   -2.03     .51| .70   -.8| .67   -.9|  .88   .75| 81.3  70.5| Diffto Teac| 
|     1     44     16   -4.24     .50|1.08    .3|1.07    .3|  .65   .76| 50.0  67.8| LPK         
| 
|------------------------------------+----------+----------+-----------+-----------+-------------
|| MEAN    27.2   16.0    1.29     .91| .99    .1| .75   -.1|           | 71.9  77.2|             
| 
| S.D.    10.8     .0    4.06     .52| .24    .6| .34    .5|           | 16.8  10.1|             
|------------------------------------------------------------------------------------------------  
 
2.1.2  Person Measures 
 
TABLE 17.1 C:\Users\6935-t6400\Documents\2011 De ZOU594WS.TXTs Nov  1 18:18 2012nalysis\Dat 
INPUT: 16 Person  5 Item  REPORTED: 16 Person  5 Item  4 CATS    MINISTEP 3.72.3 
------------------------------------------------------------------------------------------- 
Person: REAL SEP.: 1.36  REL.: .65 ... Item: REAL SEP.: 3.67  REL.: .93 
  
Person STATISTICS:  MEASURE ORDER 
  
-------------------------------------------------------------------------------------------- 
|ENTRY   TOTAL  TOTAL           MODEL|   INFIT  |  OUTFIT  |PT-MEASURE |EXACT MATCH|       | 
|NUMBER  SCORE  COUNT  MEASURE  S.E. |MNSQ  ZSTD|MNSQ  ZSTD|CORR.  EXP.| OBS%  EXP%| Person| 
|------------------------------------+----------+----------+-----------+-----------+-------| 
|     1     11      5    -.01    1.05|1.01    .3|1.08    .4|  .92   .92| 50.0  71.4| PM01  | 
|     2     11      5    -.01    1.05|1.56    .9|1.47    .8|  .89   .92| 50.0  71.4| SM01  | 
|     4     11      5    -.01    1.05|1.24    .6|1.23    .5|  .90   .92| 50.0  71.4| LLM1  | 
|     3     10      5   -1.15    1.09|1.71   1.0|1.58    .8|  .90   .90| 50.0  74.7| PPM1  | 
|     5      9      5   -2.35    1.11| .34  -1.0| .26   -.3|  .95   .87|100.0  73.2| JDL1  | 
|     6      9      5   -2.35    1.11|1.95   1.3|1.59    .8|  .84   .87| 50.0  73.2| BM01  | 
|     7      9      5   -2.35    1.11| .98    .2| .74    .3|  .89   .87| 50.0  73.2| NG01  | 
|     8      9      5   -2.35    1.11| .34  -1.0| .26   -.3|  .95   .87|100.0  73.2| PMT1  | 
|     9      8      5   -3.64    1.18|1.25    .6| .92    .4|  .90   .83| 50.0  76.8| TSM1  | 
|    10      8      5   -3.64    1.18| .32   -.9| .23   -.3|  .89   .83|100.0  76.8| KGS1  | 
|    14      8      5   -3.64    1.18|1.25    .6| .92    .4|  .90   .83| 50.0  76.8| BS01  | 
|    11      7      5   -5.21    1.33|2.07   1.2|1.22    .6|  .68   .76| 50.0  83.0| JS01  | 
|    12      7      5   -5.21    1.33| .22   -.9| .14   -.5|  .89   .76|100.0  83.0| MC01  | 
|    13      7      5   -5.21    1.33| .22   -.9| .14   -.5|  .89   .76|100.0  83.0| MM01  | 
|    15      6      5   -7.23    1.53| .25   -.8| .13   -.6|  .68   .59|100.0  86.7| ZS01  | 
|    16      6      5   -7.23    1.53| .25   -.8| .13   -.6|  .68   .59|100.0  86.7| KM01  | 
|------------------------------------+----------+----------+-----------+-----------+-------| 
| MEAN     8.5    5.0   -3.22    1.20| .93    .0| .75    .1|           | 71.9  77.2|       | 
| S.D.     1.6     .0    2.28     .15| .64    .9| .55    .5|           | 24.8   5.3|       | 
--------------------------------------------------------------------------------------------|  
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2.2 THE POST-TSPCK TEST 
2.2.1 Summary Statistics – Reliability  
TABLE 3.1 Post PCK raw scores                    ZOU045WS.TXT  Nov  1 19:18 2012 
INPUT: 16 Person  5 Item  REPORTED: 16 Person  5 Item  4 CATS    MINISTEP 3.72.3 
-------------------------------------------------------------------------------- 
  
 SUMMARY OF 16 MEASURED Person 
------------------------------------------------------------------------------- 
|          TOTAL                         MODEL         INFIT        OUTFIT    | 
|          SCORE     COUNT     MEASURE   ERROR      MNSQ   ZSTD   MNSQ   ZSTD | 
|-----------------------------------------------------------------------------| 
| MEAN      13.1       5.0         .20     .78       .99    -.1    .98    -.1 | 
| S.D.       2.8        .0        1.71     .10       .73    1.1    .75    1.0 | 
| MAX.      18.0       5.0        3.52     .96      2.68    2.0   2.61    1.8 | 
| MIN.       8.0       5.0       -2.48     .67       .23   -1.6    .20   -1.4 | 
|-----------------------------------------------------------------------------| 
| REAL RMSE    .88 TRUE SD    1.47  SEPARATION  1.66  Person RELIABILITY  .73 | 
|MODEL RMSE    .78 TRUE SD    1.53  SEPARATION  1.95  Person RELIABILITY  .79 | 
| S.E. OF Person MEAN = .44                                                   | 
------------------------------------------------------------------------------- 
Person RAW SCORE-TO-MEASURE CORRELATION = .99 
CRONBACH ALPHA (KR-20) Person RAW SCORE "TEST" RELIABILITY = .73 
  
 SUMMARY OF 5 MEASURED Item 
------------------------------------------------------------------------------- 
|          TOTAL                         MODEL         INFIT        OUTFIT    | 
|          SCORE     COUNT     MEASURE   ERROR      MNSQ   ZSTD   MNSQ   ZSTD | 
|-----------------------------------------------------------------------------| 
| MEAN      42.0      16.0         .00     .43       .99     .0    .98     .0 | 
| S.D.       5.4        .0         .93     .02       .31    1.0    .30     .9 | 
| MAX.      49.0      16.0        1.52     .47      1.37    1.0   1.30     .8 | 
| MIN.      33.0      16.0       -1.29     .41       .44   -1.8    .51   -1.5 | 
|-----------------------------------------------------------------------------| 
| REAL RMSE    .45 TRUE SD     .82  SEPARATION  1.80  Item   RELIABILITY  .76 | 
|MODEL RMSE    .43 TRUE SD     .83  SEPARATION  1.94  Item   RELIABILITY  .79 | 
| S.E. OF Item MEAN = .47                                                     | 
------------------------------------------------------------------------------- 
UMEAN=.0000 USCALE=1.0000 
Item RAW SCORE-TO-MEASURE CORRELATION = -1.00 
80 DATA POINTS. LOG-LIKELIHOOD CHI-SQUARE: 131.73 with 58 d.f. p=.0000 
Global Root-Mean-Square Residual (excluding extreme scores): .5814 
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2.2.2  Item Measure Order  
 
TABLE 13.1 Post PCK raw scores                   ZOU045WS.TXT  Nov  1 19:18 2012 
INPUT: 16 Person  5 Item  REPORTED: 16 Person  5 Item  4 CATS    MINISTEP 3.72.3 
-------------------------------------------------------------------------------- 
Person: REAL SEP.: 1.66  REL.: .73 ... Item: REAL SEP.: 1.80  REL.: .76 
  
Item STATISTICS:  MEASURE ORDER 
  
------------------------------------------------------------------------------------------------- 
|ENTRY   TOTAL  TOTAL           MODEL|   INFIT  |  OUTFIT  |PT-MEASURE |EXACT MATCH|            | 
|NUMBER  SCORE  COUNT  MEASURE  S.E. |MNSQ  ZSTD|MNSQ  ZSTD|CORR.  EXP.| OBS%  EXP%| Item       | 
|------------------------------------+----------+----------+-----------+-----------+------------| 
|     5     33     16    1.52     .41| .94   -.1| .75   -.6|  .74   .73| 62.5  60.7| Teaching S | 
|     4     40     16     .38     .41|1.09    .4|1.21    .7|  .87   .70| 62.5  57.5| Representn | 
|     2     43     16    -.12     .42|1.09    .4|1.12    .4|  .48   .68| 62.5  60.9| Curr S     | 
|     3     45     16    -.48     .43| .44  -1.8| .51  -1.5|  .71   .67| 75.0  62.6| Diff to T  | 
|     1     49     16   -1.29     .47|1.37   1.0|1.30    .8|  .64   .65| 50.0  67.9| Students PK| 
|------------------------------------+----------+----------+-----------+-----------+------------| 
| MEAN    42.0   16.0     .00     .43| .99    .0| .98    .0|           | 62.5  61.9|            | 
| S.D.     5.4     .0     .93     .02| .31   1.0| .30    .9|           |  7.9   3.4|            | 
------------------------------------------------------------------------------------------------- 
 
 
2.2.3  Person Measures  
 
TABLE 17.1 Post PCK raw scores                   ZOU045WS.TXT  Nov  1 19:18 2012 
INPUT: 16 Person  5 Item  REPORTED: 16 Person  5 Item  4 CATS    MINISTEP 3.72.3 
-------------------------------------------------------------------------------- 
Person: REAL SEP.: 1.66  REL.: .73 ... Item: REAL SEP.: 1.80  REL.: .76 
  
Person STATISTICS:  MEASURE ORDER 
  
-------------------------------------------------------------------------------------- 
|ENTRY   TOTAL  TOTAL           MODEL|   INFIT  |  OUTFIT  |PT-MEASURE |EXACT MATCH|       
| 
|NUMBER  SCORE  COUNT  MEASURE  S.E. |MNSQ  ZSTD|MNSQ  ZSTD|CORR.  EXP.| OBS%  EXP%| 
Person| 
|------------------------------------+----------+----------+-----------+-----------+-- 
|     1     18      5    3.52     .96| .74   -.4| .68   -.4|  .61   .42| 80.0  69.6| SM02  
| 
|     2     18      5    3.52     .96| .88    .0| .88    .0|  .45   .42| 80.0  69.6| PMT2  
| 
|     3     16      5    1.89     .87| .98    .2|1.04    .3| -.20   .42| 60.0  67.3| MC02  
| 
|     4     15      5    1.15     .84|2.16   1.4|2.35   1.6|  .55   .43| 20.0  69.8| KGS2  
| 
|     5     15      5    1.15     .84| .23  -1.3| .20  -1.4|  .00   .43|100.0  69.8| PPM2  
| 
|     7     15      5    1.15     .84| .23  -1.3| .20  -1.4|  .00   .43|100.0  69.8| PM02  
| 
|     6     13      5    -.10     .74|1.92   1.3|2.11   1.4|  .29   .51|   .0  63.9| TSM2  
| 
|     8     13      5    -.10     .74|2.68   2.0|2.61   1.8|  .41   .51| 20.0  63.9| JDL2  
| 
|     9     13      5    -.10     .74| .68   -.3| .52   -.6|  .81   .51| 80.0  63.9| BM02  
| 
|    10     13      5    -.10     .74| .68   -.3| .52   -.6|  .81   .51| 80.0  63.9| KM02  
| 
|    11     12      5    -.62     .70| .66   -.4| .87    .0|  .27   .54| 80.0  56.3| BS02  
| 
|    12     11      5   -1.09     .68| .56   -.7| .68   -.4|  .26   .55| 40.0  51.6| MM02  
| 
358. 
|    14     11      5   -1.09     .68| .30  -1.6| .32  -1.4|  .94   .55| 80.0  51.6| JS02  
| 
|    13     10      5   -1.54     .67| .82   -.2| .76   -.3|  .79   .54| 60.0  53.7| NG02  
| 
|    16      9      5   -1.99     .68| .35  -1.4| .36  -1.2|  .91   .52| 60.0  50.2| LLM2  
| 
|    15      8      5   -2.48     .72|1.90   1.4|1.61   1.0|  .20   .48| 60.0  56.4| ZS02  
| 
|------------------------------------+----------+----------+-----------+-----------+-- 
| MEAN    13.1    5.0     .20     .78| .99   -.1| .98   -.1|           | 62.5  61.9|       
| 
| S.D.     2.8     .0    1.71     .10| .73   1.1| .75   1.0|           | 28.2   7.2|       
| 
-------------------------------------------------------------------------------------- 
 
 
2.3 COMPARING THE PRE- VS. POST-TSPCK TEST 
2.3.1  Equating the Pre-test to the Post test 
(i)  Pre-test items difficulty  
TABLE 13.1 C:\Users\6935-t6400\Documents\2011 De ZOU594WS.TXTs Nov  1 18:18 2012nalysis\Dat 
INPUT: 16 Person  5 Item  REPORTED: 16 Person  5 Item  4 CATS    MINISTEP 3.72.3 
------------------------------------------------------------------------------------------- 
Person: REAL SEP.: 1.36  REL.: .65 ... Item: REAL SEP.: 3.67  REL.: .93 
  
 Item STATISTICS:  MEASURE ORDER 
 
(ii)  Post-test items difficulty anchored to those of Pre-test  
TABLE 13.1 Post PCK raw scores                   ZOU708WS.TXT  Nov  2  2:20 2012 
INPUT: 16 Person  5 Item  REPORTED: 16 Person  5 Item  4 CATS    MINISTEP 3.72.3 
-------------------------------------------------------------------------------- 
Person: REAL SEP.: 1.36  REL.: .65 ... Item: REAL SEP.: 2.98  REL.: .90 
  
  
359. 
 Item STATISTICS:  MEASURE ORDER 
 
 
|Anchored values indicated by letter A 
(ii)  Comparison between Pre and Post-test person measures on equated item difficulty scale  
After anchoring 
 TSPCK Pre-test TSPCK Post-test 
 MEASURE ERROR MEASURE ERROR 
PM -0.01 1.05 4.35 1.08 
SM -0.01 1.05 10.68 1.95 
PPM -1.15 1.09 4.35 1.08 
LLM -0.01 1.05 -4.05 1.22 
JDL -2.35 1.11 1.75 1.25 
BM -2.35 1.11 -2.46 1.25 
NG -2.35 1.11 1.75 1.25 
PMT -2.35 1.11 10.68 1.95 
TSM -3.64 1.18 1.75 1.25 
KGS -3.64 1.18 4.35 1.08 
JS -5.21 1.33 -0.98 1.15 
MC -5.21 1.33 5.61 1.2 
MM -5.21 1.33 -0.98 1.15 
BS -3.64 1.18 0.29 1.15 
ZS -7.23 1.53 -5.5 1.22 
KM -7.23 1.53 1.75 1.25 
Mean -3.22  2.08  
 
  
360. 
 
A Comparison of person measures in Rasch : Using scatter plots function 
 
 
A comparison of Rasch person ability measures using Wilcoxon signed test 
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3. FOR ACHIEVEMENT TEST MEASUREMENTS 
3.1 THE PRE AND POST-ACHIEVEMENT TEST SCORES 
Student 
Pre-test 
score 
% Pre 
score 
Post 
test 
score 
% Post 
score 
BS 7 21.88 17 53.13 
LLM 8 25.00 26 81.25 
ZS 5 15.63 6 18.75 
TSM 2 6.25 3 9.38 
MM 8 25.00 23 71.88 
KM 6 18.75 12 37.50 
MC 19 59.38 23 71.88 
NG 4 12.50 24 75.00 
PMT 21 65.63 31 96.88 
JS 6 18.75 11 34.38 
KGS 11 34.38 9 28.13 
PM 23 71.88 23 71.88 
SM 9 28.13 18 56.25 
JDL 4 12.50 17 53.13 
PPM 6 18.75 17 53.13 
BM 8 25.00 17 53.13 
Mean 
 
28.71 
 
54.10 
 
 
  
362. 
 
3.2 COMPARING THE PRE- VS. POST-ACHIEVEMENT TEST 
 
 
Using the Wilcoxon signed matched pairs test 
 
3  FOR BELIEFS TEST MEASUREMENTS 
 
3.1 PRE-BELIEF TEST 
 
4.1.1 Rasch Summary Statistics - Reliability 
 
363. 
TABLE 3.1 Pre-test Beliefs              ZOU554WS.TXT  May 21  8:31 2011 
INPUT: 16 Person  7 Item  REPORTED: 16 Person  7 Item  5 CATS    MINISTEP 3.72.3 
-------------------------------------------------------------------------------- 
  
     SUMMARY OF 16 MEASURED Person 
------------------------------------------------------------------------------- 
|          TOTAL                         MODEL         INFIT        OUTFIT    | 
|          SCORE     COUNT     MEASURE   ERROR      MNSQ   ZSTD   MNSQ   ZSTD | 
|-----------------------------------------------------------------------------| 
| MEAN      15.0       7.0       38.37    4.68       .97     .0    .93     .0 | 
| S.D.       4.8        .0        9.09     .55       .41     .8    .41     .7 | 
| MAX.      28.0       7.0       62.25    5.79      2.00    1.7   1.92    1.6 | 
| MIN.      10.0       7.0       27.60    4.13       .48   -1.2    .47   -1.2 | 
|-----------------------------------------------------------------------------| 
| REAL RMSE   5.02 TRUE SD    7.58  SEPARATION  1.51  Person RELIABILITY  .70 | 
|MODEL RMSE   4.72 TRUE SD    7.77  SEPARATION  1.65  Person RELIABILITY  .73 | 
| S.E. OF Person MEAN = 2.35                                                  | 
------------------------------------------------------------------------------- 
Person RAW SCORE-TO-MEASURE CORRELATION = 1.00 
CRONBACH ALPHA (KR-20) Person RAW SCORE "TEST" RELIABILITY = .76 
  
     SUMMARY OF 7 MEASURED Item 
------------------------------------------------------------------------------- 
|          TOTAL                         MODEL         INFIT        OUTFIT    | 
|          SCORE     COUNT     MEASURE   ERROR      MNSQ   ZSTD   MNSQ   ZSTD | 
|-----------------------------------------------------------------------------| 
| MEAN      34.3      16.0       50.00    3.12      1.04     .1    .93    -.1 | 
| S.D.       5.8        .0        5.98     .46       .32     .9    .21     .7 | 
| MAX.      41.0      16.0       62.62    4.20      1.58    1.2   1.32     .9 | 
| MIN.      23.0      16.0       43.86    2.79       .56   -1.5    .61   -1.3 | 
|-----------------------------------------------------------------------------| 
| REAL RMSE   3.47 TRUE SD    4.88  SEPARATION  1.41  Item   RELIABILITY  .66 | 
|MODEL RMSE   3.15 TRUE SD    5.09  SEPARATION  1.61  Item   RELIABILITY  .72 | 
| S.E. OF Item MEAN = 2.44                                                    | 
------------------------------------------------------------------------------- 
UMEAN=50.0000 USCALE=10.0000 
Item RAW SCORE-TO-MEASURE CORRELATION = -.99 
112 DATA POINTS. LOG-LIKELIHOOD CHI-SQUARE: 244.81 with 87 d.f. p=.0000 
Global Root-Mean-Square Residual (excluding extreme scores): .8172 
  
Poor 
item 
reliability 
364. 
3.2 POST-BELIEF TEST 
 
4.2.1 Rasch Summary Statistics - Reliability 
 
TABLE 3.1 Post-test Belief                       ZOU976WS.TXT  May 21  8:04 2011 
INPUT: 16 Person  7 Item  REPORTED: 16 Person  7 Item  5 CATS    MINISTEP 3.72.3 
-------------------------------------------------------------------------------- 
  
SUMMARY OF 16 MEASURED Person 
------------------------------------------------------------------------------- 
|          TOTAL                         MODEL         INFIT        OUTFIT    | 
|          SCORE     COUNT     MEASURE   ERROR      MNSQ   ZSTD   MNSQ   ZSTD | 
|-----------------------------------------------------------------------------| 
| MEAN      21.7       7.0         .22     .54       .96     .0   1.00     .0 | 
| S.D.       7.0        .0        1.95     .12       .40     .8    .44     .8 | 
| MAX.      33.0       7.0        3.81     .81      1.94    1.5   2.05    1.6 | 
| MIN.      11.0       7.0       -2.46     .45       .28   -1.7    .34   -1.4 | 
|-----------------------------------------------------------------------------| 
| REAL RMSE    .60 TRUE SD    1.85  SEPARATION  3.10  Person RELIABILITY  .91 | 
|MODEL RMSE    .56 TRUE SD    1.87  SEPARATION  3.35  Person RELIABILITY  .92 | 
| S.E. OF Person MEAN = .50                                                   | 
------------------------------------------------------------------------------- 
Person RAW SCORE-TO-MEASURE CORRELATION = .99 
CRONBACH ALPHA (KR-20) Person RAW SCORE "TEST" RELIABILITY = .91 
  
 SUMMARY OF 7 MEASURED Item 
------------------------------------------------------------------------------- 
|          TOTAL                         MODEL         INFIT        OUTFIT    | 
|          SCORE     COUNT     MEASURE   ERROR      MNSQ   ZSTD   MNSQ   ZSTD | 
|-----------------------------------------------------------------------------| 
| MEAN      49.6      16.0         .00     .34       .92    -.2   1.00     .0 | 
| S.D.       4.5        .0         .51     .01       .30     .9    .37    1.0 | 
| MAX.      56.0      16.0         .63     .35      1.39    1.2   1.69    1.6 | 
| MIN.      44.0      16.0        -.74     .34       .56   -1.5    .61   -1.3 | 
|-----------------------------------------------------------------------------| 
| REAL RMSE    .36 TRUE SD     .36  SEPARATION  1.02  Item   RELIABILITY  .51 | 
|MODEL RMSE    .34 TRUE SD     .38  SEPARATION  1.12  Item   RELIABILITY  .56 | 
| S.E. OF Item MEAN = .21                                                     | 
------------------------------------------------------------------------------- 
UMEAN=.0000 USCALE=1.0000 
Item RAW SCORE-TO-MEASURE CORRELATION = -1.00 
112 DATA POINTS. LOG-LIKELIHOOD CHI-SQUARE: 231.95 with 87 d.f. p=.0000 
Global Root-Mean-Square Residual (excluding extreme scores): .7053 
 
 
  
Poor item 
reliability, Rasch 
assumption not 
met 
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3.3 COMPARISON PRE- VS. POST BELIEFS RAW SCORES FROM THE RUBRIC  
 
4.3.1 Raw scores from the rubric 
 
 
Pre-service 
Teachers 
Pre-Belief 
scores 
Post-Belief 
Scores 
PM 10 15 
SM 11 25 
PPM 11 32 
LLM 10 27 
JDL 18 15 
BM 13 13 
NG 14 27 
PMT 16 20 
TSM 11 18 
KGS 16 11 
JS 16 17 
MC 23 33 
MM 17 16 
BS 12 16 
ZS 11 26 
KM 28 32 
Total 237 343 
Mean 14.813 21.438 
 
 
4.3.2 Summary Statistics – Comparison for significance difference 
 
Using the Sign Test 
N                              16 
+ Differences 3 
- Differences 12 
Ties 1 
p 0.035 
હ 0.05 Significantly different  
 
366. 
 
Using the Wilcoxon paired signed rank test 
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APPENDIX Q: A SET OF MARKED RESPONSES - THE BELIEF TOOL 
Coded pre-test student ZS 
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Coded post-test student ZS 
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APPENDIX R: A SET OF MARKED RESPONSES - SMK TOOL 
Marked pre-test student SM 
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Marked post-test student SM 
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